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Tectonophysics 

8150 Plata leetmica 

A HOTEFOT MODEL FOR ICELAND AND THE V4R1KG PLATEAU 
Ofigary E- V[nJc (Separtint of Gaa Logical and Co«- 
phynicnl Belancaa, Princeton University, Pr l proton, 
Nov Jersey, 035(A) 

The proa 1*1 ly ot a hotipoc to a aprfadlng eonlor 
■ay raoult In tha channeling of aathanoapherp to lha 
■action of rlaa creit aloaaat to the haiapot. Thlt 
projucai aore beaali and thlcknr cruit at Ihiit 
Locntlona, thoa forming a plateau over tin, Th? 
gaonetrle conatralnta si such ■ aod.l pradlcL ■ 
unique orientation, location, anil age progroialon 
for a plataao toroid by IMa oochnnlaa. The holapot 
rill chaonol natarlal to the cloeaat part of ilia 
rlloi therefore, tha or lent it I on of the platoau will 
dlffot Inn that or a hodpot track hy iho coaponem 
of absolute ootloa perpendicular to tho rlao axle. 
The pletoao will be aycoatrlc with reaped to Iho 
location ot tha rlaa Bill at tho clot of forwiilon. 
Alao, the ago prograsilH of the plateau will he 
conteaporanaoue with the age or to rest Ion of the 
aaaFlnor on either aide barauae the plaiemi la eoa- 
floor, Juii with t Molar cruit. A aet of rocon- 
arruetlona baaed upon MRnitle leochroaa and a fined 
hotepot refsr. nee traea la praaonted tor the Hor- 
nalM-Orianlind Baa ai a mans of avaluatlng Iho 
■adal’a pradlcc lone. By locating tha Inland hot- 
epot, racooitnictlng the rnlatlve pea It Iona or tha 
draenUnd aid Europaan plataa, and than aaeunlng 
■atnrlal would ha channalad Tram tha hotipot to tha 
cloeeat atctlon ot the rlaa cruit, wi can traca tha 
taotonlr tvalutlon or the Qraanland-faerao and Vdr- 
lng plataana. Tha nodal la ablo to locate tha pla- 
teana, explain tholr orliotat Iona, and predict an 
age prograailoa that aatlaflae observed age riotim- 
1 nations. Tho nnalfela dBnanatr.ee. that both pla- 
taaua could havo bean forced by the Inland hotspot 
with the Creanland-Pseroa Plateau being In a r tact a 
tonttooatlon of tha Vdtlog Plateau which vaa cut 
oft due to traolfora notion between tha northern and 
aouthara apraadlog canters, (ilotapota, Iceland). 

J. Caophye. hi., B, Paper AB05B8 
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lOUMBEma Of THE BA3TEJ0I SHAKE RIVES PLAIH. 

Eviwm nn hajor calkia-tobhisg eruptions 
Ltaa A. HcSroma (Hawaii lnatltuta of Gaophyiina, 1529 
Corrae Bd., Honolulu, HI 96BIJ), David J. Doharty, 
and Vltllan P. Leaden 

Tha uiurn Snake River Plain la a predominantly 
rhyolitic previnca, analogous to the pnant-da; 
Tallowateoe Plateau vale talc field hut older and 
tun bar evolved. The widespread Quaternary basaltic 
lavaa that now blanket tha eastern Snake River Plats 
appear to hove erupt ad after wjer ihyolltlc nativity 
coaied and rapreant lue than 201 of tha total voluas 
of tha plain. Tbrea aajor Ignlnbrtte shaata, caopars- 
Ud In nagulendn u thois of tha TeUewatooa Plateau 
Maid, have bean correlated on bpth aides of tha 
■astern Soak. River Plata fn» the Aren and Ponatello 
ct **" Tallowaton, Plat.au. .Ihla 
01 4 ;2' 6 i A : ,,,-0,d »«nD*rltaa la ra tarred to 
tarsia an the Hslaa voldala field. Studies of facias 
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A New Interdisciplinary 
Focus on Precipitation 
Research 


Committee on 
Precipitation , AGU 
Hydrology Section 

Introduction 

In die Hydrology Section of ilic American 
Geophysical Union, a new Committee on Pre- 
cipitation was formed in fall 1982 consisting 
of nine members from the fields of hydrolo- 
gy, atmospheric sciences, statistics, and math- 
ematics. The objective in bringing logcilicr 
these scientists from different disciplines was 
to collectively address important problems 
and directions in precipitation research dial 
are of central interest to the long-range de- 
velopment of hydrologic science. It is some- 
what trite bin true that advances in the sto- 
chastic modeling of rainfall require corre- 
sponding advances in the understanding of 
the physical processes which produce precipi- 
tation. Consequently, a working dialogue be- 
tween hydrologists and atmospheric physicisis 
In formulating and addressing research plans 
seems quite appropriate. In this same spirit, 
advances in the stochastic modeling of rain- 
rail require advances in mathematical and sta- 
tistical techniques. Issues pertinent to major 
unsolved problems and research directions in 
understanding, modeling, and predicting of 
precipitation in space and Lime were exten- 
sively discussed among the committee mem- 
bers and are summarized in this article. 

Hydrologic science deals with water in all 
of iu forms: in the atmosphere, in lakes, in 
oceans, in streams, and underground. How- 
ever, either directly or indirectly, precipita- 
tion is the source of many varied efi'eas. For 
example, stream flows, infiltration into soils, 
and groundwater recharge and evaporation 
are all directly related io the precipitation 
patterns peculiar to a region. Hydrologic 
si udies are concerned with predict inns on 
time scales ranging from a few days to a few 
weeks, months, seasons, years, or even from 
teveral decades to a few centuries. The sp- 
iral scales of central interest in hydrology arc 
normally dictated by the dimensions or river 
basins, which can range from a few to several 
thousand square kilometers. On these space- 
lime scales, precipitation exhibits significant 
variability. Tu model this variability, hydrolo- 
gists and meteorologists have traditionally 
employed somewhat ad hoc probabilistic and 
statistical techniques. Moreover, these tech- 
niques have been developed primarily for 
modeling temporal fluctuations in precipiia- 
uon at fixed points in space such as nt a rain 
g?uge [sec, e.g., Way mire ami Gupta, 1981; 
wti, 1985]. Owing to the diversity of climatic 
processes in different geographic regions and 
to the lack of detailed understanding of the 
physical processes producing rainfall on the 
“ales of hydrologic interest, probabilistic and 
MRtutical modeling have been largely con- 
fined io a case by ease analysis without a basis 
in ihe physics or precipitin ion nod the ob- 
served structure of precipitation systems. 

In this article wc discuss three broad issues 
related to future research on precipitation, 
first, because physical/dynainkal processes . 
interact on diitcrent scales, iL seems impossi- 
ble within the Foreseeable state of the ail to 
ormulate a single model that includes all of 
e Presses operating at these scales. Thus, 
a major problem in modeling precipitation is 
Pproprialely linking the stochasuc dcscrip- 
“ftis at the unresolved scales with the deter- 
‘"lj st rc physical/dynamical descriptions at the 
cjolved scales. The "unresolved scale” refers 
scales in which the fluctuations about the 
er age values of certain parameters and 
Pysical variables are significant enough to 
squire description in some form. Second, al- 
IJU gh physical/dynamical considerations are 
peeled to play an important role in ad- 
ihp l " 8t °chastic modeling of precipitation. 
«si£™ i .* P aram eter estimation and 
inference are not expected to be 
ohwi i . a PP ealin 8 on ly to precipitation 

, reovcr ’ new statistical techniques 
C w n 10 ^ ^eloped for the class of sto- 
nawi ,C u.?kk likely to emerge In this area, 
siMiw- ar ^ *? r sloc haslic descriptions of 

lmc rorokH 1 Third, die issues concem- 
Ba ?iJ aSUr , emcnt precipitation using rain 
!L and satellite need much re- 

anH inf 11 re ru ion to precipitation modeling 
tht* r„ tere . nce Problems. In the opinion of 
cinilalI mnuUee, s ‘8 n ificam advances in pre- 
amt wil1 require the concerted 

rieiv oflv n f d - efforts sc l ent ‘ su from a va- 
wi[[ k_ .iplines. Some recommendations 

jecitve ni3de regardin 8 way 5 to' reach this ob- 

Spatial/Temporal Scales 


teorology has been placed on the idemifica- 
tion of meteorological phenomena, including , 
precipitation patterns, in terms of the inierac- j 
lions of physical processes operating on a va- , 
riety of scales in lime and space. Several dif- , 
ferent systems of terminologies have been 
used to describe these scales; Orlnnsk?*, [1975] j 
terminology has been most widely adopted 
and is used in this a Hide. j 

Because the scales of the physica [/dynami- 
cal processes that produce and distribute pre- 
cipitation constitute a scale continuum. Tor 
both theoretical and practical reasons a model 
describing or predicting precipitation can 
have only limited temporal and spatial resolu- 
tion. Atmospheric processes ai the unresolved 
scales have to be treated statistically because 
the information needed to describe these pro- 
cesses is not available or because the physical 
processes themselves lead to inherent fluctua- 
tions at such scales. In this latter case, owing 
to the nonlinear and turbulent nature of at- 
mospheric flow, even processes resolved by a 
model have only limited ranges of predict- 
ability in the deterministic sense. Beyond the 
limits of predictability, only statistical treat- 
ment of the processes is possible. A major 
task in precipitation modeling is to determine 
the statistical structure of the unrcsalvedpro- 
cesses and to couple this statistical structure 
to the physics/dynamics or the processes at 
the resolved scales. 

The hypothesis that the statistical fluctua- 
tions at smaller unresolved scales are linked 
with the dynamics at larger resolved scales 
appears physically tenable because of the 
strong control and feedback meclmnisins at 
different scales among the processes produc- 
ing and distributing precipiiation. Observa- 
tions also appear to support this hypothesis. 

For example, studies of meso-f} scale (20-200 
km precipitation features over die tiopical 
Adamic have si town dial their behavior is 
modulated by large-scale air motions in the 
form of macro-p «2,000- 10.000 kmi oi syn- 
optic scale waves in die middle troposphere 
[see Home and Belt*. 1981]. These precipiia- 
linii systems usually occur in a preferred re- 
gion nf the large-stale waves (in and ahead ot 
die wave trough). Such large-scale dynamical 
control over the behavior or smaller scale 
precipitation patterns holds not only in the 
tropics but ulvi in the middle latitude : 
uudllMi. iy»2]. I bis deterministic aspect of 
the occurrence of precipitation at the macro- 
13 scale is accompanied by an uncertainty iu 
the exact position in the occurrence of sinall- 
cr-scale precipitation patterns within a large 
nieso-a scale (200-2,000 km) area. This un- 
certainly in the occurrence, intensity, variabil- 
ity, and duration in space and time of the 
precipitation patterns makes a crucial differ- 
ence in responses of hydrologic basins to pre- 
cipitation. 

Stochastic-Dynamic Modeling 

A major discovery of the last 10 years has 
been the recognition of the im|>orlflnce of or- 
ganization of precipitation pal terns at the 
meso-P scale. In an unstable environment, cu- 
mulonimbus clouds at the meso-y scale (2-20 
km) arc often organized into characteristic 
meso-p scale precipitation patterns. The in- 
ternal structure of these precipitauon pat- 
terns includes a leading edge of intense con- 
vective cells, about 25 km in width and 200 
km in length. This leading edge is frequendy 
arc-shaped. Rainfall rates in this portion of 
the precipitation pattern are highly variable 
(10-100 mm hour' 1 ). Behind the leading 
edge lies a stratiform precipiiation region in 
which a meso-P scale area of rainfall is char- 
acterized by rather steady, light to moderate 

preripitadon rates (1—10 mm hour ). 

In a stable environment, band-shaped areas 
of moderate to heavy preripitadon at the 
meso-B scale, called rainbailds, are often em- 
bedded in a large area of stratiform clouds at 
the meso-o or macro -0 scale. These ram- 
bands are typically 5-50 km in width and 
100-200 kra in length. The dynamical and 
microphysical processes involved in the for- 
mation of rainbands are not yet understood. 

A more detailed description of the precipita- 
tion and cloud structures at the various scales 
can be found, in the review papera by Haiti* 
[19811 and Houu and Hobbs [1982]. 

The organization of the precipitation fields 
at the meso-P scale described above can be 
qualitatively incorporated into itoc hwuc rep- 
resentations of the ground level rainfoll in- • 
tensity fields. These representations can then 
be exploited for invesugating various stausu- 
cal features of these fields (e.g., covariances, 

. extremes, and crossing properties). Even 

though this line of research ivas initiated by 

UCmn [1961] more than 2 decades .ago. 
progress was made ui this direction. partl) 
KTof mathematical difficulti« encoun- 
. tered in obtaining analytical results. Some « 


account the observed organization in exLra- 
tropical cyclonic storms al the meso-P scale 
admits a spectral representation which satis- 
fies Taylor's hypothesis concerning fluid tur- 
bulence for lime intervals smaller than the 
mean life lime of convective rainfall cells em- 
bedded inside a rainband. Beyond this lime 
interval, Taylor's hypothesis is no longer val- 
id. These features were observed and report- 
ed a decade ago by Znwadzki [1973]. 

The stochastic models nf precipitation in- 
tensity fields being explored in hydrology 
suggest certain natural mathematical prob- 
lems. These models are lypically point ran- 
dom field models (see IVnymire et al. [ 198-1], 
for example). For such representations the 
calculation of exact probabilities in explicit 
form is difficult, if not impossible. Also from 
a physical viewpoint, die interest generally 
lies in describing the evolution of certain av- 
erages of the rainfall intensity field al suitably 
chosen scales rather than the evolution or the 
rainfall intensity field itself. As a solution to 
this problem, one is naturally led to the prob- 
lem of obtaining asymptotic estimates which 
would apply to evolution of rainfall averages 
in space and lime. This scheme or research is 
in the same spirit as, for example, the use or 
the central limit theorem to obtain asymptotic 
estimates for probabilities associated with 
sums of random variables when the calcula- 
tion of exact probabilities is all bin impossible 
and physically die objective is to study the 
evolution of "space-lime averages" [see, e.g., 
Wax, 1954]. The asymptotic investigations in 
the context or precipitation fields would also 
require that careful Htteiuiun lie given to 
scales in boLh space and time as well as to sta- 
tistical dependencies so that links between sta- 
tistical/dynamical descriptions at di lie rein 
scales may be properly understood. The links 
between different scales are also the ingredi- 
ents of ihe problems enn fronting atmospheric 
scientists. For example, recently it lias been 
suggested that cloud and precipiiation fields 
constitute a turbulence continuum at spatial 
scales ranging irom I km to 10‘ km in hori- 
zontal extent [see. e.g., Lovejoy, 1982]. Using 
satellite and radar data, these investigators re- 
ported a power law relationship for ilic cloud 
and precipiiation pattern perimeters and ar- 
eas which seem to hold over these spatial 
scales, thereby suggesting ilic existence of a 
continuous turbulence field changing from a 
three-dimensional structure m small scales to 
a (wo-diinensiotia) structure at the large 
scales. If such a continuous stiucturc indeed 
exists it would im[K»e a global constraint on 
the point random held models of precipita- 
tion fields being explored in hydrology [sec, 
e.g.. Htyaunr ft ai, 1984]. However, the dy- 
namic coupling between processes at difler- 
enl scales seems to be the key to the physical 
uudei standing >>l hiu.li ■> all m lute. 

The stochastic models of space-time rainfall 
discussed above are developed directly from 
assumptions about the precipitation fields 
and exclude the natural evolution of these 


fields dictated by the laws of physics and 
dynamics. An important direction for future 
research in this area would be to understand 
the dynamic coupling between the ineso-p 
scale fluctuations and the time-averaged dy- 
namical behavior or atmospheric processes at 
larger, scales. Recent research exemplifying 
this direction addresses the problem of un- 
derstanding the way in which the thermal 
gradients in a wide spread stratiform cloud 
can produce bandlike features near a front 
[Liunf ft al., 1983]. Further studies of this 
type should help provide an enhanced under- 
standing of the role of dynamics in precipita- 
tion fluctuations. One of the central problems 
in modeling the atmosphere has been the sta- 
tistical treatment of weather elements which 
produce precipitation. Owing to the release 
of latent neat of condensation, precipitation 
producing processes represent an energy 
source for the atmosphere. A rigorous de- 
scription of these processes seems essential 
for the improvement of weather prediction. 
Some attempts have been made to study the 
statistical ensemble properties of clouds and 
their effects on the larger scale weather sys- 
tems [Aiakau'fi and Schubert, 1974; Cho, 1978]. 
These studies have emphasized the dynamic 
and thermodynamic interactions between 
processes ai different scales and are still in an 
early stage of development. Further research 
on control and feedback mechanisms between 
various scales of precipitation systems, includ- 
ing important boundary elfccts (e.g., orogra- 
phy, roughness discontinuities, and soil mois- 
ture) is clearly needed. 


Statistical Inference 

Although dynamics is expected to play an im- 
portant role in the smelt astir madding of 
precipitation, u is unreasonable to expect that 
it will be possible to specify all the panuncteis 
in stochastic models solely ft om dynamics. 
Therefore, the slat us of parameter estimation 
and hypothesis testing procedures for sto- 
chastic rainfall models i reunites a critical 
problem. Fast trends show that model devel- 
opment has outpaced the development nf in- 
ference procedures. Tltis problem is particu- 
larly acme fur space-time rainfall models. 

The only classes of space-lime models lor 
which satisfactory inference procedures arc 
available arc those that can be specified hv 
(simple) spatial and temporal ante icovaria rice 
functions. Moreover, judging ftom the cur 
rent situation con cent ing inference proce- 
dures for the models representing the tempo- 
ral evolution of rain fall, there is .i significant 
need for rapid improvement in inference 
procedures for more complex space-lime 
models. However, many procedures applica- 
ble to temporal rainfall models are tied to the 
u i deling *d' die time putaineiei . 1 bis suite uf 
a (lairs seriously limits the common route u! 
developing higher dimensional results as gen- 

Artlcle (Mir/, on p. 380 ) 
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Farewell 
Remarks by 
Chris Mooers 

for l» years ii lux 
been my privilege and 
pleasure to serve die 
Ocean Sciences Seel ion , 

as 3m elected oi liter, | 

First as Secretary, then 
as Prcsident-KUn, and 
kinully, as President. 

Tlte tar it llicinr I have 
pursued through these 
years has been to help 
die Ocean Sciences Ci immunity awaken to 
op)iurt unities within A(1U. tu “Ilex its mus- 
cles" as a large, strong, rapidly growing seg- 
ment nl AGU, and in become involved in us- 
ing At'.U’s jirngr jiii malic resources for the 
benefit of t/ic intellectual and professional 
development of the ocean sciences. (Our sec- 
tion is the second largest uf 10 sections and 
may Isecome the largest within several years, 
if the present relative r.tlenl growth is sus- 
tained.) Like any large organization, AGU 
has inert ij; fmwever, we Itavo lc.inn.tf that it 
is flexible and yields to and, in tact, supports 
die initialises of activist. And we have only 
si raichcd the surface. 

In recent years, the Ocean Sciences com- 
munity has continued to grow and mature. 

Much of its scientific communications has in- 
volved reporting results or the first two gen- 
erations of "large science" programs in AGU 
(and other) meetings and journals, while not 
neglecting advances still to be gained by 
“small science.” Major process, especially on 
the meso scale, and regional studies have 
yielded not only major scientific results but 
also the community expertise and confidence 
to proceed to higher levels of quantitative sci- 
ence. to larger-scale and longer-term prob- 
lems, and to multidisciplinary studies. With 
declining funding levels and aging facilities, 
the field has become more competitive, just 
as it is poised to move into what may be its 
“prime.” !n this situation, some of us thought 
it was important to move toward a higher lev- 
el of cnhcsivencss, professionalism, and sense 
of community. One avenue or initiative open 
to us in community building was a stronger 
rale in the programs of AGU. 

Let me summarize some of the intiiiaiives 
taken. The Oceanography Section was re- 
named the Ocean Sciences Section to recog- 
nize the breadth of our interest and our con- 
tinuing transition to a Quantitative, predictive 
science. The Oceanography Report, edited by- 
Arnold Gordon and issued on a monthly ba- 
sts in Em has been a great success as a vehicle 
Tor community news; it has paved the way in 
AGL> policy circles Tor an Ocean Sciences 
bulletin if and when we arc ready for it. Un- 
der A. D. Kin* ini's, and then Jim O'Brien's, 
editorial leader shin, acomjnincnl Journal of 
Geophysical ffrwYtrrn dedicated to the oceans 
has l«cn brought into existence. The recently 
published f.'arrm in Oteuungraphy booklet, 
produced under ('.Italics I lolliMcr's leader- 
ship. lias given us an exciting, straight-talking 
recruiting pamphlet fur the first time. VVc 
i low have an Occ.ui Sciences Mutation Secre- 
tary. Peter brewer, to answer inquiries from 

{ (King people. (Xcau Sciences luncheons 
iave become fixtures at all national meetings. 
They are used for building a sense of cum- 
in unity through discussion of Section and 
AGU issues; for presentation of a major, in- 
formal talk by a community leader, usually 
from Washington, as pit unofficial exercise in 
accountability; and for presentation of the re- 


ings with ASLO. and now other societies, be- j 
ginning with San Antonio (convened by 
Wortlt Nowlin and Dick Epp'ey) in Fetawy j 
1982, colocation of ASLO and AGU nu* ' g 
in December 1982. the Ocean tencotteL- 
ing 1984 in New Orleans in January (con- 
vened by John Apel and Dick Barber), and 
the upcoming integrated ASLO/Oce^ Sci- 
caces Section Program (planned by Wolfg '"8 
and Pal Kramer) at the December 1984 AGU 
Meeting. We have now settled on a biennial ( 
Ocean Sciences Meeting. 

In recent years, our hardworking, creauve 
program chairmen for AGU national meet- 
ings have been Clayton Paulson. John Bane, 

Dave Cuicliin, and Bob Molinan. Many oth- 
ers have served on program committees, as 
session chairmen, on ad hoc committees oi 
the Section, and on die standing committees 
of the AGU per sc. The point to be empha- 
sized is that the Union and the Section are 
very much participatory entities and that the 
Ocean Sciences community can be strength- 
ened by even broader pat urination. Please let 
the new Ocean Sciences President. Joe Reid, 
know if you want to be involved and in what 

capacity. . , 

Part of the AGU-wide effort to update and 
"standardize” section bylaws is the establish- 
ment of an Ocean Sciences Executive Com- 
mit tec, consisting of three elected section om- 
cers and up to five others. Under my "reign, 
besides Joe Reid, Peter Brewer, and me, the 
members have been Arnold Gordon, Jim 
O'Brien, John Apel. Harmon Craig, and Jim 
Baker. This Executive Committee does strate- 
gic planning for the Section and effectively 
extends tlte leadership. Together with the 
Geodesy Section and die President or AGU, 
wc have pressed for the issue of a national 
policy statement on the rclcasability of GEO- 
SAT data. On a Union-wide basis, tlte role of 
the sections in the selection of AGU Fellows 
lias been greatly strengthened. The Ocean 
Sciences Section now has an ad hoc AGU Fel- 
lows Nominating Committee, chaired by die 
President-Elect. Consequently, we have pre- 
sented belter documented cases and have 
been much more successful in tlte election of 
Ocean Sciences Section members as AGU Fel- 
lows, (There is still a need for more members 
to nominate colleagues.) Last, a new AGU 
monograph series in coastal and estuarine re- 
gimes has been initiated, with the first vol- 
umes to appear within a year. 

Much more potential remains to be lapped 
M'fdirn AGU. For example, /he Ocean Sci- 
ences Section has noi exploited much the top- 
ical meetings mechanism for scientific com- 
munications. We have not been fully active in 
all-Union sessions (e.g.. Frontiers of Geophys- 
ics.) With more participation in organizing 
scientific meetings, the quality and coherence 
of our talk and poster sessions can be im- 
proved. (We have made improvements there 
through the aggressive pursuit or belter 
meeting rooms and the organization of pre- 
designaied thematic sessions.) More could be 
done with joint sessions with other sections; 
such as. Geodesy, Hydrology, and Atmo- 
spheric Sciences. AGU can help us in orga- 
nizing more effective graduate student re- 
cruitment efforts. The Ocean Sciences Bulle- 
tin idea, modeled after the Bulletin if the AMS 
and Physics Today, is wailing for someone to 
come forward as the inaugural editor. There 
is also room Tor more specialty journals. Fi- 
nally, the possibility exists to organize an 
Ocean Sciences society within AGU if there is 
sufficient need, interest, consensus, and lead- 
ership. 

There are exciting times ahead for the 
ocean sciences, and the Ocean Sciences Sec- 
tion needs to anticipate them, and to help 
lead them. For example, owing to the imper- 
atives of the scientific agenda for global 
ocean circulation, marine ecosystem, biogeo- 
chemical transport, benihic province, and 
oilier studies, of technological opportunities 
provided by super computers, microproces- 
sors, new sensor systems, future ocean satel- 
lites, retrievable and expendable profilers, 
moored and drifting bouys, and ships-of-op- 
portunity, of scientific opportunities provided 


portunities in the coastal ocean, as will !*•«*■ 
mff with other nations in developing ‘lu.ii 
ocean science capabilities For LEZ resource 
management. For all or this, oraanographers 
will need to communicate with other suctuc 
disciplines, engineers, and technology- 
A train the Ocean Sciences Section (or Siiuc- 
wfcan serve to help traverse these new fron- 
tiers. 

Chris Mooers is outgoing hesident, AGU 
Ocean Sciences Section. 

News & 

Announcements 

Physics of Shallow 
Estuaries and Bays 

The objective of the symposium is pro- 
mote the exchange of information on recent 
developments in estuarine physics between 
physical oceanographers anti coastal engi- 
neers. Emphasis will be on shallow estuaries 
and bays (well-mixed and partially mixed) 
and reef lagoons. 

The symposium stresses results ol held and 
laboratory measurements and the formula- 
tion of the governing equations and bound- 
ary conditions as opposed to numerical tech- 
niques. Both weil-mixed and partially mixed 
estuaries are included. The following lopics 
will be covered; (l) large-scale transport pro- 
cesses (mixing); (2) tide and wind-induced re- 
sidual flow; (3) small-scale turbulence; (4) sus- 
pended sediment transport; and (5) exchange 
between ocean and estuary/bav. 

The symposium will be held at tlte Roscn- 
stiel School of Marine and Atmospheric Sci- 
ence, University of Miami, Florida. The dates 
of the symposium, August 29, 30, anil 3 1 , 
1984, were selected to allow participants to 
combine attendance of the symposium with 
the 19th Iniemauonal Conference on Coastal 
Engineering (1CEE) to be held in Houston. 
Texas, September 3-7, 1984. The symposium 
is cosponsored by the Coastal Engineci ing 
Research Council of the American Society of 
Civil Engineers and the Roscnsticl School of 
Marine and Atmospheric Science. 

For additional information, registration, 
etc., write: Physics of Shallow Estuaries and 
Bays, c/o Division of Ocean Engineering and 
Applied Marine Science, RSMAS. University 
of Miami, 4600 Rickenbacker Causeway, Mi- 
ami, FL 33149 (telephone 305-361-41610. 


Internal Waves 


Inin mil waves .ire viewed as an important 
link ill the overall nie.uiie energy cascade 
hum die large wales ol geui'Miion to the 
small m ales of dissipation. Although the dom- 
inant Mm tees and sinks Ini internal waves 
have not been idem i tied, the following con- 
cept is generally accepted: Energy entrn the 
internal wave held at large si ales and cas- 
cades <|itivii to Miiall Males by nonlinear wit 
wave iiiterai tions. When the shear readies a 
si it kill value, the waves hieak and general? 
small-scale mrlmleiue ami micrnsiruciutt. At 
min mules energy is dissipated by molecular 

1 illnesses. Reseat t li dial led to this picture 
us lieeii dominated hv the u incept of a uni- 
versal inlein.il wave spmrum, uu idea intro- 
duced over a do ade ago by Gaunt and Alimi 
{19721. Dining the workshop, the concept of 
a universal speemuu was challenged, whereas 
the link between internal waves and micro- 
stnirlure was Mihstuuliuled. 

"Ututrt \nl" Sfn if mm. Observed spectra 
usually lit the "ituiveisal" spectrum to within 
a factor ol 3 lot Ircquciirics significantly 
above the ineitial and less so in the near-iner- 
tial hand |U'u ii wTi. 1976; Briscoe; Levine). 
(Note: Undated iiTcrencrs refer to talks giv- 
en at the workshop. These talks will be pub- 
lished in the ptoceedings. Copies may be ob- 
tained from Peter Milller, University of Ha- 
waii. Department of Oceanography, 1000 
Pope Road, Honolulu, HI 96822.) This 
means that there is an older of magnitude 
variation in the spectral levels. These varia- 
tions arc likely the dynamical signatures of 
the sources, sinks, and internal transfers of 
the internal wave field. It is these dynaiiial 
features that have become the object of imet- 
iial wave research. 

The deviations nl the internal wave held 
from the universal limit exhibit definite pa- 
tents. Energy in the near-inertial freoueuty 
baud varies in response to storms ana wire 
soscale feaimes (D'Asaro), as well as geo- 
graphically and with depth (Fw. 1981) The 
energy in the higliet I requency continuum 
varies seasonally and geographically (Brjr«. 
Levine, and Figme H and near topograph* 
features (Erisksent. Clear patterns exist in itr 
data; explanation of their dynamics satM- 
lenge lot lullin' leseaith. 

New nirasiimiieiii lechmqiK's like uoppw 
sonars reveal Uh a I spec na that arc not 
smooth lun show an i. tegular structure 
ridges and sh.ntM.-n (Pinkel atvl Figure*) 

,\’iin/wi w Inhfw /»'))'. Nonlinear to 

lions among immud waves have pnmaa>>- 
heen analv/cd by using the *«* 
leiaiiimi approinli. Detailed ctkuWic 


Meetings 

New Directions in 
Internal Wave and 
Microstructure Research 

Collaboration or oceanographers across tra- 
ditional boundaries always results in exciting 
new insights into the complex processes 
which govern oceanic motions. Such collabo- 
ration was evident at the second ‘annual ‘Aim 
Huliko'a Hawaiian Winter Workshop, held in 
Honolulu, Hawaii, January IH— 21), 198-1, This 
year’s topic was Interna) Gravity Waves and 
Small-Scale Turbulence. Participants from 
Europe. Canada, and the United States re- 
viewed recent developments and proposed 
intriguing studies in the kinematics and 
dynamics of internal waves, line structure, 
and microstructure. Here wc summarize the 
highlights of the meeting and identify some 
of the emerging trends, ail subject to the par- 
ticipants' biases. 


Upward 

Enaiqj 

Piopagatioa 


by new understanding and models, and of 
programmatic needs associated with the mis- 
sions of the new National Ocean Service and 
the soon-to-be revitalized Naval Oceanogra- 
phy Program, the dawning of global synoptic 
oceanography is at hand. The community will 
need help In adjusting to the sociological 
shock or working in real-time, and die Ocean 
Sciences Section can help to communicate 
and foster the "revolution," and the concomi- 
tant educational needs and employment op- 
portunities that the new industry of opera- 
tional oceanography will bring. If oceanogra- 
plters can commit themselves to work in real- 
time, benefits from the operational 
communities will accrue in the form of coop- 
eration and resources to achieve otherwise 
unobtainable goals in global ocean studies of 


. — . , 9” wytau aiuuies ui 

ccntly instituted Ocean Science Awards, given . climate variability and related lopics. Qther 
for outstanding a nd just ained contributions benefits include the ability to conduct ' up-to- 
tu the community through sen ice, research, date quality control of data acquisition, adap- 
leadcrship. and so forth. A campaign has live sampling strategies, and onboard seien- 
con tinned to welcome biological aceanogra- dfic analyses. Similarly; (he. prospective large 

E liers at AGU meetings and as AGU mem- scale expbratioh Tdr resource management 
ers. Part and parcel with this has been the • 
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DENSITY 

Fig.. 3. Ovei lu ruing of density surfaces in a two-dimensional simuia/ion of strongly in- 
teracting interna waves. The domain represents a vertical plane, the lines isopycnals. The 
Richardson number ol the now is about 0.7. The frames are separated by about half a 
buoyancy period (courtesy of G. Holloway). 


been made by using this technique, and an 
inertial range theory has emerged similar to 
the one in turbulence theory [McCorns and 
Mailer, 1981]: Nonlinear interactions cascade 
energy down die spectrum from the genera- 
tion to the dissipation scale. The level of the 
energy spectrum adjusts itself to the energy 
flux through die spectrum. The downscale 
cascade is associated with an energy transfer 
from high to low frequencies, somewhat op- 
posite to conventional wisdom. The appropri- 
ateness of the weak resonant interaction ap- 
proach for small-scale waves has been ques- 
tioned because interaction times are often 
much shorter than the periods of the waves 
[Holloway, 1980]. 

Now, nonlinear interactions are investigat- 
ed by two new methods: numerical integra- 
tion of the Navier-Stokes equations in two di- 
mensions (Holloway and Figure 3) and Mon- 
te-Carlo simulation of the Eikonal equations 
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that describe the evolution of a small-scale 
wave in a background wave held (Henyey). 
Their preliminary calculations show unex- 
pected and exciting results: an upward mass 
flux (mixing) at low wave numbers in 
Holloway’s calculation and preferred layers 
of breaking "patches" in the Eikonal ap- 
proach. Unlike the weak interaction calcula- 
tions, the new approaches produce space- 
time results that will eventually allow direct 
comparison with experimental data. Such 
comparison certainly will stimulate n greater 
interaction between theoretical and observa- 
tional oceanographers. 

Sources and Sinks 

Numerous sources and sinks have been 
proposed for lhe internal wave field (see, 
e.g., Others, 1983], Observationally, the situa- 
tion might be summarized as "a little bil of 
evidence for everything" (Briscoe). No domi- 
nant generation or dissipation mechanism has 
been identified, altliouglt some progress is oc- 
curing on sonic mechanisms. 

Theoretical and observational evidence is 
emerging that the wind generates near-iner- 
tial frequency waves at large vertical stales 
{D'Asaro) and that internal waves and the 
mesoscalc flow strongly interact (Watson). 

Classically, it has been assumed that the in- 
ternal wave held dissipates its energy pre- 
dominantly in ilic interim of the ocean, 
through small-scale turbulence. Calculations 
(Eriksen) iiitliratc, however, that tlte loss of 
internal wave energy at <t sloping hotmtlary 
might be suttsi.miiul and could be the major 
energy sink of internal waves. Significant 
sinks of enetgy also may occur in critical lay- 
ers when near- inertial waves become trapped 
within fronts or ertdie* IRunze and Snudfnrd. 
1984|. These losses wmiM lie concern rated at 
particular locations in the ocean and not 
spread uniformly throughout its volume. 

Current Fine Structure 

Existing velocity and temperature measure- 
ments clearly show that linear internal waves 
alone cannoi explain all of the observed 
structure within the internal wave frequency 
hand [Mailer et nl„ 1978]. In particular, the 
coherence between current meters as a func- 
tion of vertical separation drops rapidly with- 
in the first few meters and then decays more 
slowly on a scale of many tens or meters. The 
rapid drop is traditionally attributed to cur- 
rent fine struct tire. At frequencies well above 
inertial Irctiucncy, current fine structure has 
an energy density comparable to that of in- 
ternal wave motions. The kinemaiical and dy- 
namical character of current fine structure is 


now classical, framework: Estimates of ocean- 
ic mixing rales can be made from velocity 
and temperature measurements that resolve 
the small scales on which molecular dissipa- 
tion occurs. Measurements of the Richardson 
number on the meter scale commonly show 
values of the order of 1 or less, suggesting 
that shear instability is a major mechanism 
for mixing. Assuming that the shear responsi- 
ble for the small values of the Richardson 
number is due tu internal waves, dissipation 
driven by shear instability becomes an energy- 
sink Tor the internal wave field. Accordingly, 
the rate of mixing and the pt-opt-riics of the 
internal wave field arc related. If this link 
were understood, the rate of mixing could he 
parameterized in terms <»f the energy sources 
and environmental parameters oft lie interna) 
wave field. 

Studies of the relationship between small- 
scale lurhulcnce and the internal wave licit! 
clearly require measurements of both the tur- 
bulence, using microstructure instruments, 
and tlte internal wave shear and density 
fields, using larger scale measurements. Exist- 
ing evidence suggests that (he internal wave 
field is highly random, so many measure- 
ments arc requited. Instrument systems capa- 
ble of repeated measurements of built micro- 
stnicmrc and internal wave scales have only 
reccudv become available (Gregg, Osborn) 
and nic limited to use in the upper few hun- 
dred meters. Sit tut banco us measiii emails ol 
the internal wave spectrum and in icrosi inc- 
ut re over (KTUMb long enough for significant 
changes in the interii.il wave field to ucitir 
are m it vet available. It is. therefore, lira sui- 
prising that the reseat cK in this held is still 
exploratory. 

If. as hypothesized, siimll-suilc imbulcitce 
is driven hv the ii)lcrn.il wave field, its sir in- 
line sliMiikl ielin .1 tut it i mu: «>l tlte w.i\i- 
held. Observationally. this issue is complicat- 
ed by the possibility uf turbulence caused In- 
delible diffusion which is ignored here. Nev- 
ertheless. several promising links between the 
internal wave hela and oceanic turbulence 
are emerging. 

Patchiness. Measurements or small-scale 
turbulence generally show that the individual 
mixing events are not randomly distributed, 
but concentrated into ''patches" of high activi- 
ty. These "patches" vary in size from centime- 
ters lo 10-20 ni (Gregg, Dugan, Osborn, and 
Figure 4), with the smaller patches being 
more common. 

Two theoretical approaches based on inter- 
nal waves predict such a structure: Calcula- 
tions of the vertical distribution of the Rich- 
ardson number, Ri, made assuming a Garrett 
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energy density comparable to that of n- and Munk inlerna] w . ave specminii 0I „| 
nal wave motions. Tlte kmeinaiical a dy Gaussian statistics (Desaubies). If a turbulent 
meal character of current fine structure is . h Mumed l0 whenever Ri <1/4. 

unclear. Tlte traditional view is that .1 repre- £ cof>tdr sizKi comparable to that 
senls Internal wave currents concentrated at • • 


small vertical scales because of the fine struc- 
ture in the Brunt-Vaisftla profile. A different 
view (MUller) holds that current fine struc- 
ture is an entirely different type of motion 
with well-defined, distinct dynamics. Unlike 
interna) waves, this “vortical mode" of motion 
[Riley et al„ 1981] carries potential vortirity. 
Current fine structure might, hence, be the 
small-scale realization of the same mode that 
represents quasigeostropic flows at mesos- 
rales. 

The separation of internal wa ves and 1 vor- 
tical" motions is also a problem in the atmo- 
sphere. In meterology, the "vortical” mode is 
called "stratified two-dimensional (2-D) tur- 
bulence." Tlte observed atmospheric meso- 
scale spectra are roughly consistent widi theo- 
ries of upscale inertial ranges itt stratified 2-D 
turbulence (Lilly). • . ■ 

The implications of the existence of tlte 
vortical mode Tor the dynamics have not yet 
been explored, but we expect the vortical 
mode to be intimately connected and inter- 
twined with the interpal gravity mode of mo- 
tion (Holloway). A distinction between the in- 
ternal gravity and vortical mode of motion 
requires the measurement of voriidty on 
small scales, a measurement that to date has 
not been possible because of lack of suitable 
instruments; however, a "voriiciiynieier is 
now being developed by Sanford (personal 
communication, 1984), so that such distinc- 
tion might soon become possible. 

• i ! . 

Small-Scale Turbulence 

If double diffusive: effects are Ignored, . 

. small-scale turbulence measurements are al- 
most. always discussed wnhtn the following, 


observed, is computed. A more detailed com- 
parison with the observed “patch" statistics 
would be interesting. Eikonal calculations. 


which trace individual waves in a background 
internal wave spectrum, have also been used 
to model (he spatial distribution of small-scale 
turbulence (Henyey). It is assumed that an in- 
dividual wave breaks when it reaches a suffi- 
ciently high wave number. One such calcula- 
tion shows tlte persistent clustering of the 
breaking events at a particular level, suggest- 
ing the formation of a turbulent “patch." 

This calculation suggests that it may be possi- 
ble to formulate general criteria for (he loca- 
tion of suclt patches as a function of the back- 
ground shear field. 

Recent experi mental work suggests a link 
between the larger patches and ncar-inertial 
frequency shear. One such patch, which per- 
sisted for nearly a day. occurred at (he same 
depth as a small inertial jet (Gregg). 

Shear Statistics. The universal internal 
wave spectra have dominantly been energy 
spectra and have not accurately described the 
statistics of the shear and density gradient 
fields, particularly on scales smaller than 10 
m. Such a description is needed if accurate 
models of the link between microstructure 
and internal waves are to be developed. A 
"universal" shear spectrum has been pro- 
posed by Gargeti et al. {1981], but it is nut 
complete. There is still uncertainty as to 
whether the shear at 10 m scales is dominant- 
ly inertial, as at larger scales (D'Asaro) or 
dominantly high frequency (Pinkel). This 

[ turticulur question is complicated by Dopp- 
cr-shiftiug of small-scale velocity features. 
Basic descriptive work is needed oil the shear 
and density gradient distribution, spectrally, 
spatially, and temporally. 

Kelvhi-Helmhotti liillnm. A variety of inge- 
nious arguments developed in the last decade 
allow A',., lhe vertical djfliidviiy fin mass, lo 
be estimated from microstructure pant me- 
ters; however, a cleat picture of the three-di- 
mensional si ruct u re and evolution iff these 
mixing events lists not yet emerged. General- 
ly, mixing is envisioned :ls being caused by 
Kelvin-Ileltnholtz billows. The structure of 
these billows was very nicely depicted by the 
artist ol the Roman scallop shell mosaic 
shown on the cover. These billows have been 
extensively studied in the lahmatory and have 
been observer l a( one Ideation in the up|H.*r 
ocean (HWs. (9(iK|. The extrapolation of 
laboratory studies lo the ocean may he riifli- 
inlt. due to side-wall el I lx is in the laltnraiorv 
studies (Thorpe). A variety of other stultified 
shear flow instabilities with Mr m lures distinct 
from Kelvin- Helmholtz billows, such as wave 
breaking and critical layer alwupinm. have 
been observed in the Liltnntioiv [Thorpe. 

197:1 1 and mav also occur in the raeati. rut- 
hulencc research in other lielcls It.ts lx- nc lil- 
ted greatly from How visualization studies 
dial aim m idemifv die dominant structures 
"i the uiibuleiil flow. Oiilv the Mivutnies ol 
a How have been identified in this wav ihcv 
ran usually be identified ill point measure- 
ment. Ii scans likely dint similar studies us- 
ing tlye or high-ficquenc> acoustics would 
likewise increase our understanding of ocean- 
ic turbulence. 

On the theoretical side, the nonlinear sta- 
bility of stratified Hows has been investigated 
by using a constrained energy method due to 
V. 1. Arnold (Abarbanel). Applied to the cus- 
tomary parallel shear flow in the presence of 
51 ratification, one proves that die flow is non- 
t incarl y stable for Richardson numbers great- 
er than unity. The theoretically inicrexiing 
regime is hence 1/4 < Ri < l where the flow 
is stable to infinitesimal perturbations, bill 
may be unstable to finite perturbations. 
Shear-generated turbulence in homogeneous 
fluids is being studied with new second-order 
closures. Employed in numerical models, 
these yield good predictions of the observed 
Reynolds stress tensors evolving in strained 
and sheared wind tunnel flows /Gallagher). 

Oceanography (cant, on p. 380 ) 
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Parameterization 

Many oceanographers prefer 10 study the 
large-scale motions of the ocean- These 
oceanographers regard internal waves and 
small-scale turbulence as sultgr id-scale noise 
and ask for the parameterization of subgrid 
fluxes in terms of large-scale How characteris- 
tics. They ask for eddy diffusion and viscosity 
coefficients. Here the state of aEfairs is stijl 
not satisfactory. Most work on parameteriza- 
tion has been concerned with the vertical dif- 
fusion coefficient A* . A typical value of 0.1 
«n a s’ 1 seems nut to be inconsistent with nli- 
crostrucuirc measurements and the kinemat- 
ics and dynamics of internal waves (Garrett). 
A similar value is obtained when the observed 
large-scale hydrographic held is fitted by 
beta-spiral methods (Gibers) but that value 
includes an artificial contribution due to aver- 
aging of the data, flask questions are still un- 
answered. For example, how much of the 
vertical mixing is clone in the interior of the 
ocean and how much is done iu Itoundary 
layers? Dues the value A’,, have a strong depth 
dependence? The answers to these questions 
could have dramatic implications. Changing 
the depth dependence or the dissipation rate 
changes the direction of the meridional circu- 
lation in an advertivc diffusive model of the 
ihcrniolialiiie circulation (Gnrgcu). 

The momentum fluxes are even less estab- 
lished. There are only spotty measurements. 


Some of them imply significant eddy jiscosity 
coefficients [eg., Brawn end Ovens, ,1981], , bu 
no coherent picture has emerged from the 
sparse data. 

Conclusions and Trends 

Internal gravity waves and small-scale tur- 
bulence arc the motions by which the ocean 
mixes momentum and mass. The specific way 
in which this mixing is done lias pronounced 
effects on geostrnphic eddies and the general 
circulation. To understand these grander 
scales of motions, we must understand the 
smaller-stale mixing processes. 

Internal wave research is presently under- 
going a transition From a dominantly kine- 
malic study of spectral slopes to a dominantly 
dynamic study of sources, sinks. 3nd internal 
fluxes. The link between internal waves and 
oceanic turbulence is becoming more appar- 
ent, and the glimmers of a dynamical under- 
standing are emerging- The parameterization 
of the internal wave and turbulent fluxes, 
which is a major goal of these studies, has not 
yet been achieved. . 

Further progress will come front simulta- 
neous measurements of internal waves and _ 
mic restructure and from a detailed compari- 
son of experimental data with the results of 
numerical models. These experiments and 
studies require collaboration of oceanogra- 
phers across specific areas of interest, a be- _ 
ginning of which was witnessed at the Hawai- 
ian Winter Workshop. 
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cruliiatiun* of lowet dimensional results. 

Ficmt Jk hydro logic stand pi tint there is little 
i lou I »i that tcin|H»ral stnchasiit inudcls will 
continue to lie of Input unite in hytlnilngic 
research, particularly For small rural and ur- 
ban basins over which the spatial variability in 
raiulull is not sit appreciable. However, the 
inference pi decilitres currently available for 
temporal models are only satisfactory for a 
handful of cast*.*, for example. Markov 
chains. Poisson process, ami renewal models. 
Ail inquiTiaul icsouicli direction in temporal 
modeling is to investigate the suitability "I 
different situ bust it models as dictated by the 
time scales of interest fe.g.. Iiouily, daily). 

Fn ul ie mu j re, parameter estimation in such 
models needs to bo addressed in relation in 
i he availability of rainfall data on these time 
scales. It will lie particularly inipurtant to ad- 
dress the issue ol disaggrcgatioii/aggregaiiun 
and (he applicability ni a model i« time scales 
udier i linn those for which the parameters 
are estimated. Il seems that not much atten- 
tion has been given to these important issues 
in precipitation research in the past. 

Measurement oF Precipitation 

One limitation to the development ul more 
accurate descriptions ol the space-time struc- 
ture iff precipitation is the ability in measure 
precipitation. For space -lime rainfall models, 
typical rain gauge networks seldom provide 
sufficiently detailed information for model 
testing. A it hough point data from rain 
gauges have relatively high accuracy, though 
a gauge ratch error of “about 10K" is consid- 
ered the norm fur rainfall, in most locations 
the network of gauges is sparse in the sense 
that precipitation becomes uncorrelaied in 
space over distances comparable to or less 
than the gauge spacing, at least during some 
types of events. The fine structure or precipi- 
tation in lime alsn is beyond the time sam- 
pling interval of most rain gauge dam. 

Remote sensing technologies, such as those 
nmvided bv radar and satellites can help fill 


provided by radar and satellites can help fill 
in the spate-time sampling gaps, but remotely- 
sensed measurements are much more tenu- 
ously related to precipitation than gauge 
measurements. A well-maintained, wcll-cnli- 
h rated radar can easily be iu errnr by a factor 
of 2 or 3 in its precipitation estimates. Un- 
usual .ionospheric conditions can make ob- 
taining quantitative estimates even mure diffi- 
cult. Satellite techniques also aihievc much 
better spatial coverage than gauges but gen- 
erally at reduced an unity. 

In addition in degrees of accuracy and 
*p, ice-time coverage, remote sensing technol- 
ogies differ from gauge* in sampling charac- 
teristic*. Gauge values cun lie reasonably 
treated as |hmiii values with a fairly- simple er- 
ror mu del; white noise, for example. lit con- 
trast, remotely sensed values represent a 
.spate-time average of the precipitation field, 
cormpied l»y a wide variety of sensor, trans- 
mission, translation, ami navigation errors. 
While ii seem* |m**ihlc to establish the error 
that urtcristlis «F rain gauges directly hjr con- 
ducting wind tunnel tests and com paring re- 
sults with highly accurate experimental 

S more sophisticated procedures are 
to infer the error struct ure of re- 
motely sensed observations. The problem* as- 
sociated with the error structure of remotely 
sensed precipitation estimates teem to have 
received little attention thus far in precipita- 
tion research. 

The above issues dearly suggest dial con- 
linufxl efforts to improve tire accuracy iffre : 
motely sensed precipitation estimation icclt- , 
nologies and techniques are needed. A better 
grasp of the nature of.crran in precipitation 


measurements would be of considerable value 
because of tltcir direct relation to the prob- si 

lent of statistical inference and model vei ifi- n 

cation prucedures. In this respect it would he tl 
beneficial to employ the advances in prccipi- g 
ration modeling to address the issues of net- u 
work design problems. These problems are o 
complex because of the need to address not U 
only the sensor placement issues but also be- ii 
cause of issues related to choosing a mix of t 
sensors with different sampling character is- ( 

tics. Another important role that advances in I 
precipitation modeling can play is in the [ 

problems associated with merging ruin gauge. I 
radar, and satellite tiara. These areas clearly t 
are in need of further comprehensive re- ] 

scairh. A related problem is the availability of i 
precipitation data itself. Although the Nation- I 
al Climatic Data Center mailt tains precipita- 
tion data from about 12,900 gauges, not all 
of these data are available in a timely fashion 
(i.e., there is quite a lag hcliire much iff the 
data are available). 

Precipitation and 
“Operational” Hydrologic 
Forecasting 

Operational hydrologic applications have a 
wide variety of needs for precipitation esti- 
mates and forecasts. For example, hydrologic 
design problems and real-time hydrologic 
forecasting produce distinctly different re- 
quirements oil precipitation forecasts. Hydro- 
logic forecasting involves lime scales ranging 
from about an hour to a few days and re- 
quires quantitative precipitation forecasts 
based on current conditions. In hydrologic 
design the temporal resolution may be die 
same or considerably longer (e.g., months or 
years), but the data period considered fre- 
quently extends to several decades. 

Long-range hydrologic forecasting natural- 
ly requires longer range precipitation fore- 
casts. Procedures exist which produce proba- 
bilistic hydrologic forecasts for water supply, 
irrigation, riverine navigation, and hydro- 
power applications with lead times Tram a 
week up to several months. Although these 
lead times exceed the capability of techniques 
r which produce (single valued) quantitative 
precipitation forecasts, improved capability to 
forecast the precipitation regimes in n proba- 
bilistic sense would be or dircci value in long- 
range forecasting for the above applications 
as well as in hydrologic design. 

Improvements in hydrologic forecast lead 
time (the difference in time between the time 
iff the occurrence of the forecasted hydrolog- 
ic phenomenon and the time when the fore- 
cast is issued) and accuracy can be nehieved if 
r- reliable quantitative precipitation forecasts 
(Qi’Fs) are available for specific watersheds 
as input to the hydrolngic forecast models. 
Unfortunately, current QPF models and pro- 
cedures generally do uni provide sufficiently 
accurate values for direct input to hydrologic 
r models, at least for forecast [tcriuds exccctl- 
i- lug an hour. Although current QPF products 
provided by the National Meteorological Cen- 
ter (NMC) provide generalized guidance in- 
forniaiion which is very useful in roughly ln- 


Lt is apparent that hydrologists are iu a po- designed for applications to various hydro- 
sitioit to provide guidance on meteorological logical modeling and data an:il>sis problems, 
requirements for hydrologic forecasting. In including precipitation; (3) that 1-3 day syrn- 
this respect communication between hydrolo- posia, workshops, ur special sessions at 
gists and meteorologists would be particularly AMS/ASA or other conferences are orga- 
useful in improving the hydrologic usefulness nized; (4) that At IU publish monographs 
of short-term (e.g.. 1 hour to 3 days) quanii- containing review papers; (.») that special is- 

tative precipitation forecasts. A positive step sue(s) of appropriate jountal(s) addressing 

in this direction is the assessment of opera- important recent developments in prectpna- 
tional quantitative precipitation forecasting lion ate published; and (6) that research pro- 
procedures being prepared by the Office of jects having strong i h l c t fl i pit n ary .makeup 

Hydrology nr the National Weather Service are funded by NOAA/NSWN ASA/USGS ami 
\Georgakahos ami Hudhw. 1983]. Similarly. other agencies. 


of short-term (e.g.. 1 hour to 3 days) quanti- 
tative precipitation forecasts. A positive step 
in this direction is the assessment of opera- 
tional quantitative precipitation forecasting 
procedures being prepared by the Office of 
Hydrology nr the National Weather Service 
[Geoignkukos ami HuHIvw, 1983]. Similarly, 
long-term forecasts are intended in part for 
water resources applications, yeL there ap- 
pears to be little cooidinaiion between hy- 
drologists and meteorologists to ensure that 
the form and substance of forecasts con form 
to the applications. 

Final Remarks and 
Recommendations 

In the above paragraphs we have attempted 
to bring out the scope of research directions 


to bring out the scope of research directions 
in precipitation studies and indicate an im- 
perative need to promote and undertake in- 
terdisciplinary research on precipitation. It is 
clear that in order lo accomplish this objec- 
tive a strengthening of the mutual cooper- 
ation among hydrologists, meteorologists, at- 
mospheric scientists, mathematicians, and 
statisticians is called for. We offer the follow- 
ing preliminary recommendations in order to 
initiate this undertaking. 

A national STORM program is being orga- 
nized by the U.S. meteorological coiiumiiiiLy. 
STORM, derived front “Siorntscalc Opera- 
tional and Research Meteorology," is the ac- 
ronym for the U.S. Mesoscale Meteorology 
Program designed to study mesoscale atmo- 
spheric processes for improved short-range 
weather predictions. The need for improved 
quantitative precipitation forecasts is identi- 
fied as one of the key problem areas. 

Three field experiments are being planned 
for the STORM program. The first of these 
experiments, called STORM Central, is to 
take place in the spring and summer of 1988 
in the central United States from ihe Rocky 
Mountains to the east of the Mississippi Val- 
ley. and from the Gulf of Mexico to the U.S.- 
Canadian border. The experiment will collect 
upper air and surface data with high spatial 
and temporal resolutions for 120 days over a 
2000 x 2000 knt area. It will provide a data 
set suitable Tor the study oF precipitation pro- 
cesses and for the testing of precipitation 
models. No data sets with similar resolution 
and coverage have ever been collected. Many 
of these data can he used for hydrological 
studies. 

\Ve therefore recommend that die hydro- 
logical community actively participate in the 
planning of the experiment and in the analy- 
sis of the experimental data for hydrological 
studies. For this purpose, immediate actions 
are needed, first, to coordinate the planning 
of a network for collecting hydrologic data on 
basins in the central United States (e.g., 
sireamflows, groundwater levels, soil mois- 
ture. evaporation, and evapoiranspiration) 
and, second, to provide input to the STORM 
• Central planning team for coordinating the 
collection of these data in conjunction with 
meteorologtc data. 

. *J» addition to the above, we would like to 

make the following recommendations: ( 1 ) 
that the Office of Hydrology of the NWS es- 
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Thunder Day 
Increase 

A report issued by the Illinois Suue Water 
Survey concludes that annual values of thun- 
der days for North America exhibited a gen- 
eral increase of about 15% front 1901 to 
1945, followed by a general decrease of 10% 
from 1945 to 1980. A sLudy of the variability 
of ihundcr days across North America 
showed a general decrease with lime, particu- 
larly after 1940. A major finding of this study 
is that frequencies of thunderstorms over ar- 
eas as large as the North American continent 
show major long-term trends. 

The report, "Temporal Distribution of 
Global Thunder Days," summarizes ihe re- 
sults of a 1-year study by Stanley A. Cliang- 
non, Jr., and Cliin-Fei Hsu of the temporal 
variations of thunder-day records during 
1901-1980 using quality weather records 
from weather stations scattered around the 
globe. A thunder day is recorded when one 
or more peals of thunder are heard anytime 
during the 24-hour period from midnight to 
midnight, which is consistent with the defini- 
tion of a thunderstorm used at first-order 
weather stations since 1 897. They found most 
stations in the northern hemisphere north of 
45* latitude exhibited a general increase in 
thunder activity from 1901 to 1980. The pro- 
ject was funded by the National Science 
Foundation. 

Data for the study was collected from 90 
stations in North America and 131 stations 
elsewhere around the world. The stations in 
North America selected were those that had 
operated on a 24-hour basis for the period of 
1901-1980. The data from most foreign sta- 
tions had periods of record of only 30-50 
years, which limited the investigations of 
trends in thunder days in areas outside of 
North America. The data were evaluated to 
check for shifts in thunder-day frequencies 
due to station relocation, for major discontin- 
uities between station averages and area aver- 
ages, and for possible changes in tit under fre- 
quencies due to potential noise problems, 
such as ntigltL be caused by increased air traf- 
fic near a station. These tests led to the con- 
clusion that four stations (Atlanta, G.i.: Kan- 
sas City, Mo.; Portland. Maine; and Toronto, 
Out., Canada) had records that were incor- 
rect and so were not used. These tests were 
not applied to the foreign stations because nf 
a lack of station histories. 

Examination of the temporal distributions 
of thunderstorms was done in several ways, 
including factor analysis and other statistical 
tests. The continent was first divided into 
four sectors with divisions at 109° W longi- 
tude and 40* N latitude, anti temporal distri- 
butions in each sector were determined. 
Analysis confirmed that there were major re- 
gional differences in temporal frequencies of 
thunder days across Not th America. General 
increases in frequencies from 1901 to 1980 
were found in the northwest and northeast- 
ern sectors. The southwest sector frequencies 
generally increase in die first 45 years and 
then rapidly descrased in the following 10 
years. Relatively low frequencies were experi- 
enced front 1956 to 1980. The southeast sec- 
tor exhibited little trend until 1930, followed 
by a general decrease until 1 980. 

Stations, with similar 5-year average values 
were classified into regions of similarity. This 
deification method produced 14 regions in 
Ote United Stales and Canada, which them- 
selves fell into two major regions. One was 
the northern United States and all of Canada, 
where ail stations exhibited a general increase 
in thunder-day frequency, and the other was 
11 “southeastern third of die United States, 
which exhibited a major decrease in ihunder- 
oay frequencies after 1925. A narrow transi- 
tion zone separated the two major regions. 

The 14 regions in North America can be 
related to major climatic zones such as differ- 
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ences in major air mass sources, particularly 
in summer, areas of cydogenesis, and loca- 
tion of major cyclone tracks, the southeastern 
United States, for which there was a major 
decrease in thunder-day frequency, is an area 
of major industrial development and pollu- 
tion in the United States, and the decrease 
may or may not be related to possible man- 
made influences. 

The report concludes that the major tem- 
poral variations in thunder days were largely 
due to major shifts in the atmospheric circu- 
lation, reflected in the continental scale fre- 


quencies of cyclonic storms. Historical region- 
al data on cyclone frequencies in North 
America would be useful in identifying the 


regional trends found. Comparison of thun- 
der days with actual thunderstorm durations 
and other measures of atmospheric electricity 
are needed to help assess any temporal fluc- 
tuations in lightning discharge activity. 

This news item was contributed by Steven D. 
Hilberg. Extension Services Coordinator, Illinois 
Slate Water Survey, Champaign, IL 61820. 

MORP: Keeping 
Track of Meteorites 

If one considers the level of significance 
frequently granted to observations of small 
portions of an individual meteorite sample, 
the question of sampling error arises. A pro- 
ject to answer (his question has been under- 
way in Canada for 9 years (1974-1983). The 
Meteorite Observation and Recovery Project, 
or, more simply MORP, is an observational 
network designed to evaluate the frequency 
of meteorite falls on the surface of the earth 
[see I. Halliday, A. T. Blackwell, and A. A. 
Griffin./. R. Astron. Soc. Can., 72, 15, 1978]. 
Other major networks for observation have 
been operative in the United States and Cen- 
tral Europe. Halliday, Blackwell, and Griffin 
reported recently on MORP results: “. . .die 
total mass deposited on the ground is 142 kg 
ycar'-l in lO 1 * km*. . .it is obvious that a very 
small puriiun of the potential harvest is ever 
located" | Sonne. 223, 1405-14«7, l984| 

The .iclnal numbers from the .'tnalvsis arc 
staggering. The nnriiiul recovery rale iff me- 
teorites per year in the world is no more than 
one of two dozen (excluding "fossil" inetcoi- 
ties recovered from the Antarctic glacial ice). 
The number of meteorite falls over the entire 
earth's surface is alxnil *J5.oUU pci seat . ac- 
cording to the MORP analysis. 

Tiie basis of the analysis is photographic 
obseivation of fireballs in an area of clear 
sky. Meteors were observed by at least two 
camera stations at an altitude or at least 8". 
The MORP results turned out to be an obser- 
vation of 1.16 x IQ lu km* hours over the 9 
year period. Analysis of the photographs 
were used to calculate masses and categorize 
the meteors. Halliday et al. used 3S calibra- 
tion. the observation and recovery of the In- 
nisfree fall [ Meteorites, 16, 153. 1981). 

Figures predicted by meteor sample mass 
give a clear picture of the sampling problem. 
In Noith America, the annual numbers of 
meteorite falls for total masses of 0. 1 , 1 , and 
10 kg per fall was 920, 1980, and 38. For the 
entire land area of the earth die annual num- 
bers for the Lhree mass categories were 5800, 
1200 and 240. Other calculations could be 
made to estimate the number of ore objects 
that survive the earth's atmosphere and reach 
the surface. Further, the estimates could be 
extended io encompass the earth-moon sys- 
tem of die solar system.— PMB 


Research 

Roundtable 

A blue-ribbon panel of government, uni- 
versity, and industry leaders has been estab- 
lished to explore alternative approaches to 
strengthening their relationships. 

The 18 member Government - University - 
Industry-Research Roundtable Council, orga- 
nized as an independent unit under ihe aegis 
of the council of the National Academy of 
Sciences (NAS), will address issues affecting 
and limiting the vitality of science in the 
United Stales. Thirteen of the 18 members 
are Front universities and industry; 5 are sen- 
ior federal officials. Dale R. Corson, president 
emeritus of Cornell University, is chairman of 
the roundtable council. 

The council is the overall guiding group 
for the ongoing research roundtable, accord- 


The council is the overall guiding group 
for die ongoing research roundtable, accord- 
ing to Don I. Phillips, council executive direc- 
tor. The council, which plans to meet three 
dmes a year, will spawn ongoing activities (in- 
cluding workshops, working groups, and spe- 
cial studies) to keep communication open 

among relevant groups. , , 

At its first meeting on May 17 and .18, the 
roundtable.coundl agreed on a broad and 
comprehensive framework of issues. The 
theme overriding the framework is die need 
to establish, Strengthen, and maintain q net- 
work among relevant groups to keep the Imes 
of communicadoh open. The research round- 


table will focus initially on three issues: the 
relationship of science and technology to eco- 
nomic competidveness: the renewal of scien- 
tific and technical institutions (including up- 
grading facilities and equipment, enhancing 
technology transfer, and tne new partner- 
ships between universities and state govern- 
ments and between universities and indus- 
try); and the enhancement of communica- 
tions between scientists, industry employees, 
and government employees at the working 
level. 

The roundtable was formed following the 
identification by several NAS panels of the 
need for an ongoing, neutral oody to im- 
prove the communication and mutual under- 
standing among those who fund research, 
those who carry it out, and those who use the 
results. NAS provided initial funding. Addi- 
tional support has been made available by the 
Alfred P. Sloan Foundation and the Andrew 
W. Mellon Foundation. 

In addition to chairman Corson, other 
members or the roundtable council are Wil- 
liam G. Anlyan, Chancellor for Health Af- 
fairs, Duke University Medical Center: Ken- 
neth J. Arrow, Joan Kenney Professor of 
Economics, Stanford University; Marvin Co- 
hen, Professor of Physics, University of Cali- 
fornia, Berkeley; Edward G. Jefferson, Chair- 
man of the Board. E.I. DuPont dc Nemours 
& Co., Inc.; Sol Linowilz, Coudcrt Brothers 
Law Firm, Washington, D.C.; George E. 

Pakc. Vice President for Corporate Research, 
Xerox Research Center; Alexander Rich, 
Sedgwick Professor of Biophysics, Massachu- 
setts Institute of Technology: Howard A. 
Schneidcrmau, Senior Vice President for Re- 
search and Development, Monsanto Co.; 

Harold Shapiro. President, U niversity of 
Michigan; Ruben L. Sproull, President, Uni- 
versity of Rochester; and Linda S. Wilson, 
Associate Vice Chancellor for Research, Uni- 
versity nf Illinois, Urhana. 

Participating federal officials arc Richard 
D. DcLauer, Undersecretary of Defense for 
Research ami Engineering. U.S. Department 
of Defense; George A. Key won It, 11, Dirociur 
of the Office or Science and Technology Poli- 
cy; Edward A. Knapp. Director. National Sci- 
ence Foundation; Alvin W. Trivclpiecc, Di- 
rector. Office id Eiierg) Research. U.S. De- 
partment uf Energy; ami James fl. 

Wyugaarilcn. Director, National Institutes uf 
Health. Frank Press. NAS President, is an ex 
officio member. 

The next meeting of die research roundta- 
hit «. i >u mil i> itlifluitd fi-i Novetnhui 29 ami 
30. 

Viking Lander 1: 
New Exhibit 

The National Aeronautics and Space Ad- 
ministration (NASA) transferred ownership 
of the Viking Lander 1, which landed on 
Mars in 1976, to the Smithsonian Institution's 
National Air and Space Museum. 

Requested by museum director Walter 
Boyne, the transfer includes the loan or the 
official Viking Lauder plaque, which renames 
the lander the Thomas A. Mutch Memorial 
Station in memory of the Viking Lander im- 
agine team leader and NASA associate 
administrator for space science. Mutch died 
in a climbing accident in the Himalayas in 
1980. The plaque is scheduled lo be placed 
on Mars by U.S. astronauts at some indefinite 
time. NASA retains redaimam rights of the 
lander for scientific purposes. 

This is the first time that a museum will 
own an object located an another planet. 
Tourist visitation at the new exhibit is not yet 
expected to rival traffic at the parent museum. 

U.K. Radio Science 
Reviews Available 

Coincident with its triennial general assem- 
blies, the Internationa! Union of Radio Sci- 
ence (URSI) publishes an international review 
of the most significant scientific develop- 
ments over the previous 3 years in the nine 
subject areas covered by URSl's commissions. 
To produce this review, international editors 
distill reviews from each member country of 1 
national scientific developments. For those 
scientists who wish to know more details 
about the significant scientific developments 
In radio science iu the United Kingdom from 
1981 to 1984, the British National Committee 
for Radio Science has made Its reviews avail- 
able. 

Unless otherwise noted, the following sur- • 
veys are available from the Royal Society, 6 
Carlton House Terrace, London SW1 Y 5 AG, 
Attention: C.R. Argent. 

Commission A: Electromagnetic meteorolo- 
gy, by J. M. Steele; available from j. M. 

Steele, National Physical Laboratory, Ted- 
dlngion, Middlesex, TW1 1 OLW, 

Commission B: Fields and waves, by P. J. 

B. Clarricoats. 

Commission E: Interference environment, 
by F. Horner. ■ 


Commission F: Remote sensing and wave 
propagation, by E. D. R. Shearman. 

Commission G: Ionospheric radio and 
propagation by P. A. Smith; available from J. 
W. King, Rutherford Appleton Laboratory, 
Chilton. Didcot, Oxfordshire 0X1 1 OQX. 

Commission H: Waves and plasmas, by F. 

A. Smith; available front J. W. King, Ruther- 
ford Appleton Laboratory, Chilton, Didcot, 
Oxfordshire 0X1 1 OQX. 

Commission J: Radio astronomy, by D. H. 
Martin; available from D. H. Martin, Depart- 
ment ofPhyiscs, Queen Mary College, Mile 
End Road, London El 4NS. 

Geophysicists 

Recently elected as officers of the Brazilian 
Hydrology and Water Resources Association 
are Antonio Carlos Ta/it Holtz, president; An- 
tonio Eduardo Lu&o Lanna, vice president: 
and Giro Lourelro Rocha, Gilberio Valente 
Canali, and Orlando Vfgnoli Filho, directors. 
The new mailing and secretarial address is 
Associate) Qrasilcira de Hidrulogia e Recur- 
sos HTdricos — ABRH, A/C Gilherto Valente 
Canali, ELETROSUL/DIVH, Kira Denuiado 
Antonio Edit Vieira, s/no — Panianal, 88000 
Florinii6polis, SC, Brasil. 

In Memorintn 

Johannes Theodoar Thijm, Ul, died April 
30, 1984. An AGU Life Fellow and a member 
of the Hydrology Sect inti, he joined AGU in 
1948. 

Recent Ph.D.’s 

Eos periodically lists information on recent- 
ly accepted doctoral dissertations in the disci- 
plines of geophysics. Faculty members are in- 
vited to submit the following information, on 
institution letterhead, above the signature of 
the faculty advisor or department chairman: 

(1) the dissertation title, 

(2) author's name. 

(3) name of the degree-granting depart- 
ment and institution, 

(4) faculty advisor. 

(5) month and year degree was awarded. 

If possible, include the current address and 
telephone number of the degree recipient 
(this information will not be published). 

Dissertations with order numbers, and 
many of the others listed, .tie available from 
University Microfilms International, Disserta- 
tion Copies, P.O. Box 1764, Ann Arbor, Ml 
48106. 

Iodide Enhanced Electron-Capture Detection of 
Halocarbons with Application to Atmospheric 
M ethyl Chloride, Gwendolyn Louise Ball, Univ. 
or Mich., 1983 (GAX84-02238) 

The Kinetics of Sorption Rem tions at the Geolh- 
ite- Aqueous Interface ( Desorption . Rate), Kerry 
Kiphart, Univ. of Notre Dante, 1983, 

(GAX 84-03954). 

Kinetic Studies of the Thermal Decomposition of 
Methyfprroxyn ilrate and of Ozone-Olefin Reac- 
tions, Abraha Bahia, Penn. Slate Univ., 1983 
(GAX83-27470). 

Martian Palewlirrmle, Susan Elaine Pos- 
tawko, Univ. or Mich., 1983 (GAX84-02360). 

Mean and Time-Dependent Motions in the 
Blake Escarpment Region, David Yu eke hung 
Lai, Univ. of Rhode Island, 1983 (GAX84- 
01410). 

Measurement and Analysis of Diffuse Solar /r- 
radiance, Clifford Bruce Baker, Univ. of 
Mich., 1983 (GAX&4-02235). 

Miocene Stable Isotope Stratigraphy and Paleo- 
ceanography (New Zealand, Spain, Pacific 
Ocean), Tom Stuart Loutit, Univ. of Rhode 
Island, 1981 (GAX83-28479). 

I, A Multi-Tracer Study af the Abyssal Water 
Column of the Deep Bering Sea, Including Sedi- 
ment Interactions. II, A Six Zone Regionalized 
Model far Bomb Radiotracers and Carbon Dioxide 
in the Upper Kilo meter of the Paafic Ocean, John 
R. Toggweiler, Columbia Univ., 1983 
(GAX83-27310). 

Neotectonics of the North Frontal Fault System 
of the San Bernardino Mountains, Southern Cali- 
fornia: Cajon Pass to Lucerne Valley (Structure, 
Slip-Rate, Hazard), Kristian Erik Meisling, 

1984 (GAX84—02492). 

Photochemical Al adding of the Earth’s Strato- 
sphere, Lttdcn Froidcvaux, Calif. Inst, of 
Tech., 1984 (GAX84-02489). 


Reaction Mechanisms and Chromatographic Be- 
havior of Palyprcik Acid Anions in Multicompon- 
ent Ian Exchange ( Arsenic , Groundwater), Lioti- 

Liang Horng, Univ. of Houston, 1983 

(CAxas-aaBafi).’ 

Reactions of Mutagenic Propylene Oxides with 
Deoxynucleosides and DNA, Zora Djuric, Univ. 
or Mich., 1983 (GAX84— 02272k 
. Rock Geochemical Exploration at Mount Mor- 
gan, Queensland, Australia, Mark Albert Tedi- 
feow, Univ. of New South Wales (Australia), 
1982, , 

Sedimentary Response io Eocene Tectonic Rota- 
tion in Western Oregon (Washington, Pacific 

. News (coiit. on p. 382) 
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NeWS (cant, from p. 381) 

Northwest, Petrology). Paul L. Hdlcr, Utiiv. of 
Ariz.. 1083 (CAXM-OlSfM). 

Sedimenlalogy and Invertebrate Paltantolngy of 
Triauir and J uranic l/itusirine Pejmits, Culpep- 
er Basin, Northern Virginia, Pamela J. Whccless 

Gore. I m (f '.AXM-fl 1 32.1). 

Stniligraphir, Geochemical, and Petiohg ic Stud- 
ies of the Ammouoosuc Vokauin, Ninth-Cenlml 
Massachusetts mut Smthnesteni New Hampshire, 

| dim Charles Sihituuclier, Univ. of Mass., 

*1083 (GAX84-OI 103). 

Structure of the Brevard Zone and Blue Ridge 
Near Lenoir, North Carolina, With Obitnmtious 
mi Oblique Cieiiufotion Cleavage ami ii Prelimi- 
nary Theory far h rotational Structures in Shear 
Zones, Andy R. Bobyarchick, Stale Univ. ur 
N.Y. at Albany. 19H9 (GAXH4-0I429). 

The Upper Proterozoic Redstone Copper belt, 
Mackenzie Mountains, N.W.T . , (diaries W. .Jef- 
ferson, Univ. of Western Ontario (Canada), 
1983. 

The Vertical Redistiibulivn of n Pollutant l rat- 
er Due to Cumulus Convection, John Anilrew 
Ritter. Univ. «>r Midi.. 1983 (GAX84-023G4). 

Watershed Acidification Model and the Soil Arid 
Neutralization Capacity Concept, William G. 
Booty. McMnstcT Univ., Canada. I UBS. 

An X-Ray Scattering and Raman Spectroscopy 
Study of Iron (3 +), GaUiinn (3 + ) and Geimani- 
um H + ) Substituted Ahmiiiaulictite Glasses, 
Grant S. Henderson, Univ. »1 Western Oii- 
tnt'in (Canada), 1983. 

Geophysical Events 

"1 hn is ,i Minimal > of A KAN ituflrtin, 0(4). April 
110, ll»l. a iiulilicaihm of die SihUIboiimh Institn- 
li, m's Sticnlilit [-'sent Alctl Network. I lie timmkic 
bulletin h available In die mitroliihc edition of he* 
as *i iiiwmlu Ue su]i|ilvmeiil or as .i [ujicr reprint. 
For the mkmliclie, order document FJH-MS at 
ia.Wtll.S.) from AC»U ftiHillincni, 200(1 Florida 
Asciine. N.W., Washington, DC 20009. for ihc pa- 
per reprint, order ShAN Bulletin Ir'iyui* rolmnc and 
issue numbers and issue date) diruugli A(»U Sepa- 
rate* at ihc above luldrws: ilic prkc is $3.51) for one 
copy uf each issue nuinher for dime who do mil 
luve u de|>mil nictmnl. $2 for llmsc wlm do: addl- 
liniul copies of e.n Ii issue ininilier are $1 . Subscriji- 
lions to SEAN HhIMh are asailahlu from AtiU Ful- 
fdluicni .il llic aliose .id'lress; Ihc priie is $18 for 12 
niiiiii|il> issues mailed to a U.S. ailditss, $26 if 
ill .tiled elsewhere, anil iiiusi he prepaid. 

Volcanic Events 

Rabau i (Nets- Kriliiin): Culclera carilicjiiakes 
up fiiJ'f. two seismic crises: expansion and 
uplift double. 

Manam (Bismarck Sea): Strong simmbolian 
auiviiy; debris iiv.-il.inc lies. 

Langila (New Uritaiu): Occaaiunal vulcjiiiaii 
explosions for 10 days. 

Campi Flcgrci (Italy): Seismic energy release 
and uplift slow after April 1 earthquake 
swarm. 

Etna (Italy): Sirombalian activity and small 
lava flows from SE crater. 

Home Reef (Tonga Is.): Large pumice rafts: 
new island shown. 

Submarine Volcano (Izu Is.): Acoustic waves 
recorded in French Polynesia. 

Macdonald (S-central Pacific): Renewed sub- 
marine activity in 1983. 

Teahilia (French Polynesia): Seismic swarms 
indicate two submarine eruptions. 

Kilauea (Hawaii): IBtli phase: fuur flows, 
longest flow of 1983-1984 eruption. 
Manna Loa (Hawaii): Major NE Rift Zone 
eruption ends; imal eruption volume. 

Ml. St. Helens (Washington): Mud flow and 


double that in any previous month (40-50 

"^S^urveys from Rahaul Township 
to Maiupilhland and around Greet Harbour 
showed i hat between mid-March and m 
April ihc Send of Maiupil Island rose 76 
mm. Further uplifts of about 50 mm on Ma- 
tnpii Island and at ilic head of Greet Har- 
bemr accompanied the April 22 «i* ■ 

making (he total uplift in April abouL doit 
that in any previous month." 

Information Contact: Peter Lowciistcm 
Principal Government Volcanologist. Rabaul 
Volcano Observatory. P.O. Box 386. Rabaul, 
Papua New Guinea. , c p ., 

Home Reef Volcano, 1 ouga Islands. 5 Pacif- 
ic f I8.9FS. 174.7m AU titles ire local f “ 

UT + 13 hours). 

An early March eruption of Home Reel 
produced large quantities of pumice, ejected 
an eruption cloud to more than 12 kin all t- 
tuclc. and built a new island (see for. March 
27, 1984). Tonga government geologist David 
Tappin reported i hat brown discolored water 
preceded die eruption, which started March 
1-2. The new island was visible by March l. 
When Captain Jeff Heard of South Pacific Is- 
lands Airways flight 607 flew over die erup- 
tion site on March 5 at 1030, explosive activi- 
ty had declined. Weak steaming occurred 
from a submarine crater surrounded by (he 
new island. 

In mid-March, a cargo vessel traveling 
from Tonga to Fiji at 12 km per hour took 9 
hours to pass through a zone of pumice. 
Samples were collected from this vessel about 
150 km W of Tonga. Pumice tafts were re- 
unitedly sighted at Oneata Island, Lau Group 
(18.45*8. I78.50 , W. roughly 500 kin WNW of 
Hume Reel) on April 5. On May 1, ships be- 
tween Tonga. Fiji, and Samoa reported that 
floating pumice was so thick that it was clog- 
ging their seawater intake systems. 

Personnel from the Royal New Zealand Air 
Force (RNZAF) flew over the new island 
March 23. They gave its location as l9.02 fl S, 

1 74.7 3° W, about 10 km S of Lite Island. Di- 
mensions of the new island were estimated at 
1500 in by 500 m, with cliffs about 30-50 m 


high. Discolored water just NWofibe island 
suggested submarine activity. . I Pbotogia jd)» 
taken from upwind showed tlie island to be 
yellowish brown in color, but atmosplier c 
haze caused it to appear dark hrown froni 
downwind. David Ta] jp m reported that acltv 
iLy was continuing m early Apnl. 

The Roseau Sismique Polytiisien (RSI ) ctict 
no. record any seismicity from il^ cruptiun. 
Islands and deep water between Tah.U aw 
Tonga prevented RSP stations from recoid- 
itiK any acousiic waves (T-]>hasel 
Information Contacts: David Tappm. Gov- 
ernment Geologist. Nukualofa. \V,u- 

rant Officer P. J. R. Shepherd, l SQN ALM 
LDR RNZAF Whenuapai, Auckland, Nevv 
Zealand; J. H. Utter. DSIR GenphysicsD, vi- 
sion, P.O. Box 1320. Wellington, New Zea- 
land; j. Lum. Ministry of Energy and Mineral 
Resources. Private Mail Bag, Suva, Fiji; Ram 
Krishna, Director of Meteorology , Fiji Meteo- 
rological Service, Private Mail Bag. Nandi 
Airport. Fiji; J M. Tahndier, Directcur. La- 
boratoirede Gtophydque. Commissariat fl 
TEnergie Alomique. B.P. 640, Papeete, Talu- 
ti Polyndsie Frangaise; Norman Banks. UbU* 
Hawaiian Volcano Observatory. Hawaii Vol- 
canoes National Park. Hawaii 96718 USA. 

Teahitia Volcano, Society Islands. French Pol- 
ynesia, S Pacific Ocean (77.57*5. H8.86°W). _ 

' Fram August 1983 to March 1984. the Ro- 
seau Sismique Polyndsien (RSP) recorded nit- 
merous swjucnccs oflow-frcqutncy volcanic 
tremor and two seismic swarms associated 
with shallow submarine eruptions at Teahilia. 
On December 20-21. 300 very small earth- 
quakes were recorded. On March 3 to April 
15, 1984, approximately 9000 earthquakes 
were recorded, accompanied by low- and 


liigli-l'retpiciM-y spasmodic and harmonic 
tremor. Tc.ihiiia. a mmiiihiiiii witli a summit 
nhmii 2 km below sea level, was the site of 
seismicity associated with suliuiarinc erup- 
tions detected l»v the RSI* in March- April 
1982 and July 1983 (see SEAN Bulletins, 7(4), 


and 5(H)). 


Earthquakes 

Infnrnuition (aiiuutt: National Earthquake 
Inlormaiion Service, U.S. ('.culngical Survey, 
Stop 967, Denver Federal Center, Box 25046, 
Denver. CO 80225 USA. 

Meteoritic Events 

Firelwlls: Papua New Guinea; Hawaii, Mis- 
sissippi River Valley. USA. 

Correction 

The names n( the people who wrote the 
tribute for Maluli S. Mannish, which ap- 
peared May 22. 1984. were inadver- 
tantly left olf of the article. They are M. 
U. Ahmad. Ohio University, Athens, 
Ohio; G. W. Gross, New Mexico Institute 
of Mining and Technology. Socorro, New 
Mexico; M. A. Marino, University or Cali- 
fornia, Davis, California; S. S. Papadopu- 
los, S. S. Papadopulos and Associates, Inc., 
Rockville, Maryland: and Z. A. Saleem, 
Ebasco Services. Inc., Greensboro, North 
Carolina. 


Earthquakes 


April 23 
April 24 
April 29 


Magnitude 

4,1 ntbL| 

5.7 mu, 6.1 M,* 
5.! in bl 5.6 M, 


Depth 

Latitude Longitude of focus 


39.85°N 

37.23’N 

42.92 B N 


7G.2li°W 

l2l.7t»*W 

12.14'E 


SE Pciiniylvania 
Central California 
Umbria, central lulj 


*6-2 Mi. ai Universiiy of California, Berkeley. 



Carbon Dioxide Review: 

1982 

William C. Clark (Ed.). Oxford University 
press. New York, xi + 469 pp.. 1982. 

Reviewed by K. Va. Kondratyev 


vertical plume. 

Veniaminor (Alaska): Vapor clouds; ash 
plume to 2 km altitude; no glow. 

Pagan (Mariana Is.): Dark eruption columns. 
Atmospheric e (fee is: Stratospheric aerosols 
decrease. 

Rabaul Caldera, .Yea’ Britain Island, Papua 
New Guinea U.2TS, 1 52. 20* El AU limes are lo- 
cal (= L’T + 8 hours). 

The following is from Peter Lo wen stein. "A 
further intensification of seismic activity in 
the Rtibaiil Caldera look place in April. The 
uiial nuinher of caldera earthquakes was 
13,749, MKf more than in March (the March 
dual was 8729; tee last niunth's Bulletin). Seis- 
micity was conre titrated mi the E side uf the 
caldera, in Greet Marlniur and at the en- 
t ranee in Blanche Bay. 

"Major seismic crises occurred on April 21 
ami 22. when 1(111 ami 1717 events were re- 
corded. The ciisit mi April 21 was centered 
at the im nidi uf Blanche Bay, and the strong- 
est earthquake was a magnitude |MI ; )-3.B 
event. Duly minor ground delimitation was 
associated with this c risis. 

"On April 22 at l HM an MI.-4.B earlli- 

a iiakc hcriililctl die must energetic crisis to 
ate. which was centered at the head ol Greet 
Harlxmr. Structural damage iti this and the 
Sulphur Greek area included cracking, and in 
one case collapsing, of masonry walls, cracks 
in cciiicrcle floors, a hurst water main, and 
burst household water tanks. Tilts around 
Greet Harlamr ranged from SU tu 5U micror* 
ndimts, generally showing a pattern of radial 
Inflation centered in the Harbpiir. Measure- 
ments of horizontal deformation indicated 
expansion uT the Greet Harlxmr area by 20- 
30 microstrain. : 

."The overall pattern of ground deforma- 
tion in April Indicated tltaf the strongest lilt- 
ing. of up to 80 mlcroradiani. was in the 
Greet Harbour area. Rates of horizontal de 
formation indicated expfinsion was about 


A scries of publications appeared in 1982 
oil climatic implications of increases in COa 
concern ration. Analyzing the status of numer- 
ical modeling of COa impact on climate, M. 
Schlesinger (Oregon State University) has 
compiled a summary of 66 models, which is. 
nevertheless, quite inadequate, since Soviet 
studies as well as some other investigations 
have not been considered. All these studies 
show that the recently growing interest in the 
problem of anthropogenic effects on climate 
is Tar from abating, which is quite natural in 
view of the enormous practical implications 
or the climate change problem. 

Since no climatic consequences of CO* in- 
crease have been observed so far, the major 
way or studying Lhis effect has been numeri- 
cal simulation of varying complexity, aimed 
first at an approximate assessment of possible 
changes in mean global climate (characterized 
by air surface temperature), and then in zon- 
al and regional climates considered in sophis- 
ticated three-dimensional models. Though 
the estimates of mean global climate warm- 
ing, on the assumption or a doubled CO* 
concentration, vary widely, most of the ex- 
perts believe that the value 3 ± I.5°C is most 
likely. However, this conclusion is inconsis- 
tent with the results of studies curried out by 
R. E. Newell and T. G. Dopplick and by S. B. 
Idso. Their results show that mean global 
warming should be abiitu an order or magni- 
tude less. However, their work has liccn Be- 
verly criticized and considered erroneous 
(odd that nhvimisly overestimated values of 
U(U warming hnvc not been so radically criti- 
cized). 


The main goal of the authors is to reveal 
the commonly agreed upon aspects of the 
problem (based on reliable scientific argu- 
ments), and to analyze uncertainties, un- 
solved problems, and possible ways of thcii 
solution. The authors of the book have, uti 
the whole, reached the goal, but sometimes 
they have not been sufficiently careful when 
formulating their conclusions, though the 
spectrum of various opinions has been rather 
impressive. For instance, concerning predict- 
ed estimates of the projected (.oncenl ration 
increase of CO* (page 4). it is still not clear 
what level the COa concent nil ion will reach at 
a given lime at the given CO2 injection rale, 
because the role of the ocean biota in the 
global carbon cycle and the contribution oi 
the continental biosphere require further in- 
vestigation. Thus it is impossible io reliably 
estimate (he CO* concentration doubling lime 
(and there are reasons to believe (hat a dou- 
bling will never happen at nil). 

It is correct (page 22) that the possibility of 
the biological control of geochemical cycles 
musLbe thoroughly analyzed. It is not conecl 
that climate changes arc caused only by exter- 
nal impacts (page 5) such as solar variations, 
volcanic aerosols, and “greenhouse" gases. In 
fact, an internal variability of the climate sys- 
tem is also very important. In the very begin- 
ning the "scenario-type" character of the cur- 
rent estimates of COs climatic implications 
should have been emphasized because { I ) Lite 
forecasts of COs increase arc not reliable 


Frontiers of Hydraulic 
Engineering 

Hung Tao Shell (ed.). American Society of 
Civil Engineers, New York, xv + 617 pp., 
1983. 

Reviewed by Raphael G. Kazinann 

it is an impossible task for one l wrW " 10 
review ilic proceedings of a major con 
that consists of 14 1 different papers (1 
ing 26 one-page summaries of iioster ses- 
sions). 'file papers are arranged 1,1,0 j- 
nieni sessions including Cohesive and 
Cohesive Sediment Dynamics, Cold Region 
Hydraulics. Coinpiiialkuwl Hydrau^- 
Ground water Quality Modeling, 
cesses in .Stratified K nviruninenis, , 

Approach in Hydraulics, and httifac 
Hydrology. The subject mailer of ms V 
the papers was familiar m (lie wtijer. P 
rally those concerned with ground r . 
the hydrology, and hydraulics, ^ ao- 

tcr. In addition, such lopki « “ iis ^ J 
ics, mixing processes in si r it tt lice) cn vtro» ^ 
incuts, cohesive sediment dynamic (J* 
merit resiispcnskm anti transport, , 

hydraulic effects of ice cover arc •« w « 
in this volume. The writer nfrtuM Trotn 
mem on these papers except to any hen . 
though some 4 the 


In this connection three m-ahlctns must be 
t|inmuglily dealt with: (l) tlie reliability qT 
predicted estimates of CO* increase, (2) the 
reliability of current numerical climate mod- 
els, and (3) the |xissiblc impact of die in- 
creased CO* cnntcnirmion on the biosphere, 
llicse and the jKMsible effects or climntc 
change on industry and agriculture arc the 
problems rotisidcred in Carfom Dipxide Re- 
viewed: 1982. The editor oFthe book justly 
notes in the preface that during the recent 
decade the COa climatic implicalibns have of- 
ten been overestimated, and, therefore, an 
objective analysis of the staLus of the problem 
is needed in addition to "official" assessments. 
The book consists of part I, in which the 
problem Is considered on the whole, ?nd part 
2, in which seven rather substantial essays on 
key aspects of t|ie COs problem are followed 
by comments of "opponents." The style of 
part 2 results in both more objective and . ‘ 
more vivid Mentation of the material, and 
the highly qualified participants of the dia 
toguc ennity* its rich sskmtilic contenli 


enough and (2) the adequacy of climate mod- 
els, which are still unable to reproduce real 
climate variability, is limited (this was done 
only in the essay by R. E. Dickinson). In this 
connection a note is very important (page 21) 
on the connection between tlie COa concen- 
tration venations and dimate. It follows from 
analysis of ice cores that a COa concentration 
increase in ilic past could have been caused 
by climate warming, but not vice versa. The 
statement on pages 23-24 that the effect of 
clouds on climate warming is manifested only 
as a positive feedback is dubious. In this con- 
nection, it would be important to note that 
the current impossibility of reliable consider- 
ation of cloud-radiation interaction is one of 
the main causes of uncertainties of the pre- 
dicted climate. If an increase of COa leads to 
even a small increase or cloud amount, then a 
cooling, not a warming, or climate is quite 
possible. The book reviewed is an important 
contribution to the literature on climatic im- 
plications of CO* increase. Naturally a host of 
authors has produced a rather controversial 
picture. This, however, reflects the extreme 
complexity of an interdisciplinary problem 
still Tar from being- solved. The book will be . 
of great interest to specialists in various as- 
pects of thq climate problem. The writing 
strie y?ill also make thfe book accessible lo a . 

. Wide circle of interested ’nbhspecialisui. . 


sible, his experience is not basis eno g 
evaluation. . , . n _ nl ijead- 

The title of the volume is a t [oio 
ing; about 70% of the papers hn ^ ere d 

with engineering, if engineering ^ 

to be concerned with accompli* ^ ^ 
real world. Most of these P a P^[ . 0 a at- 
struae and theoretical cons J" , ? tS ' rror . Mos* 
gumptions that may easily be in . ^ a nd 
papers rely heavily on compute ^ . 
mathematical approximations o "j ^ 
with little or no field data that B ■ 
to try to apply the results in a ^vrt !. 
Lion. Judging from Lhr - 

might have expected to find m ^ tan d 
dealing with the application 10 cu roblem s coo- 
proposed theory to the seripusp, 
fronting the engineering P l0, , e ^voido 
a more accurate title for this .volume , 
be Frontiers of Hydraulic Researc ^ fcs* 
Among the papera W e W* 


overview of dam safely by ®' v f el p S ' ( p fl eeri ,, ?\ 
that in 1082 the U.S. Corp*-“ jpjr 

ported to Congress that aom t J| 

proxi'ng'olv 6|000 , 


21,0000^' 

had significant or high hazaro p £ ■ , , ; 

those studied intensively by the* ^ . 
port was completed, more *9* fwf’; 

sessed inadequate spillwaySv 
tiers of hydraulic engm«rina 1$# : 
ic’engirteering) nni« be . 


a circle oi interested 'nddspeciaiisig. ic engineering) must be me t . 

, ■ . adequate, ipilways. Ahoihe.r..i»l«j^^^:.. 

. Yd. Kbndratf^ is li^k'die Laboratory of: Re*., tppic of d^m safety^ by X a 

' . • l.'* 4 "‘ri- ' • . ■ 
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improvements and annualized damages. 

The sedimentation produced by the Mount 
St. Helens eruption was closely studied, and 
many field data were obtained. One method 
of forecasting deposition of the sediments is 
numerical modeling, and a paper by Brown 
and Thomas describes the approach and 
compares the field observations with the pre- 
dictions. If the volcano continues to erupt, 
the model will receive much use and repealed 
field verification which will enable it, or a 
modified version of it. to be used with some 
confidence by the engineering profession. 

Another paper, by Moss and Thomas, de- 
scribes the attempt by the U.S. Ceological 
Survey (USGS) to determine the effectiveness 
of its stream-gauging program. The USGS 
operates approximately 15,000 stream gauges 
in the United States of which some 8,000 are 
equipped with continuous recorders. The 

S uesiion addressed is, Arc the records worth 
ie money being spent, or could the same 
funds be spent in a more cost-effective man- 
ner? The authors estimate that some 5-10% 
of the continuous records could be replaced 
by part-lime operation of recorders, the de- 
velopment of a How routing model that 
would generate synthetic flows that would ad- 
equately serve the same purpose, or develop- 
ment of a regression model of flow at the site 
ofinterest whose results would compare 

S rly with flows at other sites. They de- 
a prototype study of 51 continuous 
stream gauges that is designed to test their 
proposals, especially one called The Travel- 
ing Hydrographer, which is designed to allo- 
cate among stream gauges a predefined bud- 
get for die collection of field information in 
the most cost effective manner. One topic not 
addressed is how the increasing urbanization 
of watersheds combined wuh improvements 
in agricultural drainage wilt affect the siream- 
gauging program since none of the proposed 
substitutes for continuous records can be ex- 
pected to yield the information needed in 
those situations. 

The groundwater papers in this volume 
were disappointing. Of the seven papers deal- 
ing with groundwater quality modeling, one 
paper is just an abstract, five are mathemati- 
cal models with no field data and no sugges- 
tions as to how they might be used by a prac- 
ticing engineer, One paper, by Freyberg, 
MacKay, and Cherry, does contain daia from 
a field experiment, but no aiiempt is made to 
answer ihe question, How can the results be 
used?. These may be "frontier" papers, but 
they are on the frontiers of something other 
than engineering. Perhaps they represent 
frontiers of research in groundwater hydrau- 
lics, 

The papers on cavitation prevention and its 
mitigation are, as a group, probably the must 
practical. Five of the eight papers on the top- 
ic deal with aeration devices in hydraulic 
structures, and, as an example, one of these 
papers, by DeFazio and Wei, describes an an- 
alytical procedure which combines analysis of 
the flow of an ideal fluid, with an empirical 
equation and compares the results with actual 
observations. A paper by Falvey presents cri- 
teria, based 011 observations of damage in the 
field and practical constraints on consiruc- 
tion, for a flow-cavitation index, to help antic- 
ipate cavitation on chutes and spillways. Oth- 
er papers, eoually practical, are to be found 
here and will be of aid lo engineers who dc- 
agn clinics and tunnels. 

This reviewer's principal problem with the 
volume is the lack of an overview. No frame- 
work is provided into which these papers may 
oe fitted. Even the smaller groupings, which 
correspond to the sessions at which the pa- 
pers were presented, leave a rather chaotic 
impression: How do these subjects fit togeth- 
er? U would seem that it is not enough to 
Mate a iheme, such as the "frontiers of hy- 
araulic engineering," designate an editor to 
review the format and other technical re- 
quirements, and then let matters take their 
course. Such an editor could not be expected 
to evaluate the technical quality of the work 
■joy more than a single reviewer could ade- 
quately evaluate all of the papers. Ideally, 
uch conferences should be planned so that 
^convenor of each of the various sessions 
.' l. f e . to prepare an overview of the ses- 
, 1 ,nLe 8 rates the subject matter and 
_ gnJijjlus the technical points discussed in 
. m l ^ c succeeding pages. For the actual 
will kT*’ mo ^ e P a P ers should be invited than 
in tlie proceedings volume. Pa- 
5 * „ . do not fit Lhe theme of the session 

• eittier ^ rejected or, if need be, the 
,l 11 1* could be modified to incorporate 
- Flna } 1 )'. in a brief review of so large a 
thai ■ 18 rev iewer is left with the feeling 
justice cannot be done. All the good pa- 
cannoi be listed, and the poor ones can- 
u iJ v. CT,u . ( l ue d. AH that can be accomplished 
thp i! VC l b e reader a general Impression of 
wW ,L Ume ant * a Few concrete examples of 
votome contains. : 

brariM 1 deservcs a place in technical li- 
Fnr r,, 1 11 ? an ex celierlt point of departure 
hvdr^!u* rc ^‘ P a pers show the kinds of 
diat are beihg done, in- 
theie ls being modeled, although : 

. are not 7 et in general use. 
iij B _ l f r * ^e fist of references accompany- 

field ofiST ^ 8 entrance into the 

“ ,a consulting engineer, 



RATES PER LINE 

Puitiom Available, Servlets, Suppllu, Counts, 
and Announctmmts: first insertion $5.00, ad- 
ditional insertions $4.25. 

Position! Wanted: first insertion $2.00. addition- 
al insertions $1.50. 

Student Opporiunititt: first insertion free, addi- 
tional insertions $2 00. 

There are no discounts or commissions on 
classified ads. Any type style that is not publish- 
er’s choice is charged at general advertising 
rates. Eos is published weekly on Tuesday. Ads 
must be received in writing by Monday, 1 week 
prior to the date of publication- 
Replies to ads with box numbers should br 
addressed to Box _ American Geophysical 
Union, 2000 Florida Avenue, N.W., Washing- 
ton. DC 20009. 

For more information, call 202-462-6909 or 
toll-free 800-424-2488. 


POSITIONS AVAILABLE 

Middle Atmospheric Research Poaltlon/NCAR. 

The National Center for Atmospheric Research 
(NCARL located in Boulder, Colorado is seeking a 
SCIENTIST 1 for the Global Observations, Model- 
ing and Optical Techniques Section of our Atmo- 
spheric Chemistry and Aeronomy Division. 

DUTIES: Carnes out individual and collaborative 
research on ihc stratosphere and mesosphere wilh 
Lhe aid of satellite observations or tomneranirc and 
composition. Research is defined in collaboration 
with Lhe project leader and may include (bm is noi 
jitniied 10): middle atmospheric chemistry, dynam- 
ics, transports and radiation. Assists in defining sci- 
entific investigations and strategies; contributes as 
well 10 the planning and design of [mure satellite 
experiments. Develops models to help understand 
middle atmospheric processes and interpret satellite 
data. Defines and performs calculations required in 
the validation and analysis of satellite data. Defines 
and performs calculations required in the validation 
and analysis of satellite and ancillary data pertaining 
to the middle atmosphere. Interprets or aids in the 
interpretation of these results- Leads or participates 
in writing papers and reports describing the results 
or these investigations. Aids in the supervision of 
and direction of co-workers involved in particular 
tasks. 

REQUIRES; Ph.D. in atmospheric science or 
equivalent experience in theoretical nr modeling 
studies, data analysis, experimental investigations or 
related areas. De 1110 11st rated skill in programming 
on a large computer and willingness to work with 
large data sets. Demonstrated inicrcsiMill in devel- 
oping good working relationships. ALSO DESIRED, 
BU'I NOT REQUIRED; One year uf post-due tur n I 
middle atmospheric research experience as demon- 
strated by publications. 

Salary range: S25J8|.|— S38.722 per year. 

NOTE: Scientist 1 appointments ai e for terms of 
up to three years; individuals in. is- be appointed to 
the next level ol Scientist in accordance with the 
UCAR Scientific Appointments Policy. Please scntl 
resume prompdv to Nancy Uppincott, NCAR, P.O. 
B>,\ 30UU. Ilmiklci. f.O 803O1 :i ..ill tWti PC 
8729 for Timber information 

NCAR is an equal cipponuiiilWafliniulivr action 
employer. 

PhyalciEt/Compuler Professional*. SSAI carries 
out hard ware/sofi ware engineering suppan semes 
and-K&D activities in various fields if applied phys- 
ics and atmospheric sciences. We have contracts at 
NASA/NOA A/NAVY offices in metropolitan Wash- 
ingirai, D.C.. area. For our on-going projects, we 
need systems programnicrs/analysis/scjeniisu 10 car- 
ry out numerical modeling nnd analysis .Studies in 
the areas of satellite remote sensing, climate re- 
search. aunospheic science v’metetjrologji’. asirono- 
inv/asiropliysics/radio-asironomy and planetary re- 
search. Applicants must have MS/PltD degrees and 
computational experience with large scale machines. 
Also, for a coming requirement in New York City 
SSAI is looking for a Project Manager and a Sys- 
tem* Manager with progressively responsible super- 
visory R&D experience with large-scale Ultra fourth 
generation computer installation using IBM 3033/ 
3081, AMDAHL or GDC salaries, awards yearly bo- 

■ ! .1 i:l. I Mwwo k.^mvRla Pm-ilP 


INC 102 10 Greenbeli Rd.. Suite 640, Seabrook, 
MD 20706. 


Research Associate Paaltlon/UnWenlly' of Miami. 

The Division of Meteorology and Physical Ocean- 
ography, Rascnstkl School ol Marine and Atmo- 
spheric Science, University of Miami, searches Tor a 
programmer/data analyst wilh several years of geo- 
physical data analysis experience for processing and 
analysis of oceanographic data obtained by moored 
or shipboard instrumentation. Applicants should be 
experienced with FORTRAN and preferably also 
with the VAX- VMS system. Job duties may occa- 
sionally Include participation in cruises. The success- 
ful applicant should have a Masters Degree in phys- 
ical, mathematical or computer sciences. Application 
with curriculum vitae and names of three references 
should be sent 10: Dr. Thomas N. Lee, Division of 
Meteorology and Physical Oceanography, Rosensuel 
School of Marine and Atmospheric Science, 4600 
Rickenbacker Causeway, Miami, Florida 33149, by 
13 June 1984. 

The University of Miami is a Private, Indepen- 
dent, International University and is an equal op- 
ponuniiy/aflirmaiivc action employer. 

Chief of Telescope Operatlons/Hay stack Observa- 
tory. Haystack Observatory has need Tor a Chief 
of Telescope Operations, who will be responsible . 

Tor scheduling and coordinating astronomical obser- 
vations using the Haystack 120-Tool and 60-foot ra- 
dio telescopes. The primary duties will be training 
and supervising telescope operators, scheduling an- 
tenna use for astronomy, maintenance, and other 
activities, and interfacing with investigators to assure 
the success of their observations. This person will 
also be the system manager of the HPI000 comput- 
ers used to control the telescopes and data acquisi- 
tion hardware; some experience in FORTRAN is 
required for maintenance of the existing software. 

In addition, participation in the evaluation of the 
feasibility and merit of proposals 10 use the tele- 
scopes for astronomical observations will be re- 
quired; thus, the successful candidate is expected 10 
have some knowledge or astronomy. Since success- 
ful observing depends on proper use of equipment, 
some experience with lltc me of instrumentation Tur 
scientific data collection is highly desirable. A nego- 
tiable fraction or time will be available for research 
and participation in software or instrumentation de- 
velopment. depending on the qualifications and in- 
terests of the applicant. We seek an individual with 
supervisory and organizational skills who is interest- 
ed In a long-term commitment to furthering the 
progress ol astronomical research. Haystack Obser- 
vatory is operated by the Massachusetts Institute of 
Technology Tor die Northeast. Radio Observatory 
Corporation, a consortium of Northeast institutions. 
It is located 40 miles nonliwcst of Boston in a rural 
environment, with easy access both lo city activities 
and to the coastline and mountains of New En- 
gland. 

Please write , cnclosng resume to: 

J. T. Karaku 
Assistant 10 the Director 
Haystack Observatory 
Wesifonl, MA 01886. 

MIT is an equal opportunity/alfi relative action 
employer. 

HydrogcologlsLi'Consulling. The Beihestl.i, Ml), 
oitice of Dames & Moure lias career opportunities 
available in our expanding hazardous waste man- 
agement group. \Vc are looking for individuals at 
the entry level or with -1 10 10 years experience wilh 
ilv rnlliihini; muliniaikwv h Minimum era BA 
in gcologv or lit ilrt igeulugy. Lij Design ami review 
oT groundwater sampling and monitoring pro- 
grams. 3l Groundwater mndeling. -1) Analysis of 
contaminant transport. 5) field experience, 6y Ex- 
cellent communications skills. Interested applicants 
should forward resumes to: Dames & Moores, 7101 
Wisconsin Avenue, Suite 700, Boihesda, MD 2081-1, 
Alin: HG. 

Dames & Moore is an equal opportunity cmploy- 


Unlveraity of CaUfomWReglotul Scale Meteorolo- 
gy. The Department of Land, Air and Water Re- 
sources, University of California, Davis, announces a 
position in the area oF regional scale meteorology. 
Tenure track (11 mos. plus one mo. paid vacation) 
posiuon will be divided 38fc teaching and 62% re- 
search. The appoinunent will be at the Assistant 
Professor level. „ . ... 

QUALIFICATIONS: A Ph.D. in atmospheric sci- 
ence or a closely related discipline, with a specializa- 
tion in regional scale meteorology. Applicants 
should have teaching and research Interests in the 
quantitative aspects of meteorological P roc ff“* 
Securing on the meso- and regional-scales (10 km to 
1000 km) oT atmospheric motion. The appointee 
will develop a research program that may involve 
any of several subspecjalllcs and application areas 
but the analysis ana modeling ol wind fields In com 
plex terrain would be expected lo be a, prominent 
part or the program. Teaching will include a gradu- 
ate course in meso-scalc meteorology and boin 
graduate and undergraduate courses In general ar- 
ias of atmospheric science, and advising duties. 

APPLICANTS: Applicants should subirut curricu- 
lum vita, transcripts; statement of i«»rch and 
teaching interests and background in each, copies of 
publications and manuscripts and the names and 
addresses or at least three references to: L-U- _ 

Mynip. Ch?ir. Search »mmitire. Department oT 
Land, Air Jd Water Resources, 265 Hoaaland 
Hall, University of" California, Davis, C A 95616, no 

» «n affirm,^- 
llon/equal opportunity employer. 

Postdoctoral Fellowship In Geologic bn#li» 

' i_- Start Fall 1984 for 12-montn appointment — 
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Ocean Engineering Res earch/UniversIly of Califor- 
nio, Son Diego. The Institute of Marine Re- 
sources at 1 he Scripp* Institution of Oceanography, 
Universiiy of California, San Dlcsp has three open- 
ings for asslstanl/associaie research engineers or as- 
suiani/assodaic professors lo participate In the de- 
velopment oT ocean engineering programs- Candi- 
dates should have a Phi), or equivalent In 
engineering, physics or oceanography, a publication 
record ana should have interest in taxing pari in re- 
search in one or more of ilic following nelds: I) 
deep ocean waves, remote and in situ measurement 
and analyses of directional spectra, and wave/stnic- 
ture interactions, 2) floating and fixed platforms, 
response to waves, structural analysis, corrosion and 
fatigue, 3) ocean Moor geotechnical studies, initia- 
tion of mass movements, scour and soft bottom an- 
chors. The salary range is $25, 1 00 -$35,300, depend- 
ing upon qualifications. Appointment duration lwq 
years with possibility of indefinite extension. Ap- 
pointment as professor Is subject lo the availability 
of an appropriate department billet. Appointment 
at the associate level requires a record or successful 
funded research. Associate professor rank requires 
teaching experience. Send resume and names of 
references before 1 September, 1984 to: F. N. 

Spiess. Director, Institute of Marine Resources, or 
IL J. Seymour, Head Ocean Engineering Research 
Group, institute of Marine Resources, at Scripps In- 
stitution of Oceanography, La Jolla, CA 92093. 

An equal opportunity, affirmative action employer. 

Climate Research fnstihite/Rcsesrch Assistant. 

Applications are invited Tor a position as Research 
Assistant which Is expected 10 be available in the Cli- 
mate Research Institute, Oregon State University, 
beginning in September 198-L This position involves 
research in climate modeling and the analysis of re- 
lated data, and requires a basic familiarity with at- 
mospheric dynamics, modeling and data analysis 
technique*. Salary within the range or$18,0QU — 
$20,000 will depend upon qualifications and experi- 
ence. Interested candidates possessing the M.S. de- 
gree in atmospheric sciences and ,11 1e;i*t two years 
graduate-level experience arc iiivUcd to submit an 
application with a summary uf liieir university and 
research cxpcricciic, and 1I10 names of two profes- 
sional references, to Dr. W. L. Gales. Dirccmr, Cli- 
matic Research Institute. Oregon .State University, 
Corvallis, OR 1)733 1 before 15 July I DM. 

Oregon State University is an Equal Opportunely/ 
Affirmative Action Employer and complies with Sec- 
tion 504 of tlie Rehabilitation Act ol 197.1. 

Research Obiervcr/UJS. Department of Commerce. 

Position in South Pole, Antarctica. Conducts sci- 
entific measurements at the NOAA Baseline Obser- 
vatory. Will make measurements of atmospheric 
COi, ozone, aerosols, other trace constituents, and 
meteorological parameters. This position is an elec- 
tronics specialist (instrument). Responsibilities are 
calibration anil maintenance of the Observatory in- 
struments and data acquisition systems. We seek ap- 
plicants wilh electronics technician background with 
at least 4 years of experience nr elec ironies engi- 
neers with at least 2 years experience The experi- 
ence should be specialized in eleci ionic instrumenta- 
tion calibration and maintenance. 

This position is a 15-24 month appointment. 

Duly station for the first 2 months will be in Boul- 
der, Colorado for orientation and training, then at 
South Pole, Antarctica. NOAA will supply quarters, 
food, dnthine at no cost during tlie tour of duly at 
the South Pole. Tlie measurements supply informa- 
tion for current atmospheric research into climate 
and climate change. We offer an adventure as well 
as good salary (about $30,001) — $40,000 per yeat, 
depending on qualifications and experience). For 
more information, contact Mr. Bernard Mendonca, 
U.S. Department of Commerte/NOA A, 32 5 Br oad - 
way, Boulder, Colorado 80303; telephone FT5 320- 
6733 or commercial (303) 497-6733. 

NOAA is an equal opportunity employer. 
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Research Scientist, 

Earth Structure Studies 

Energy, Mines and Resources 
Earth Physics Brandi 

Ottawa, Ontario 

We require a gcopliysictst/geo legist to con duel Add 
Investigations and research studies iniu the nature and 
structure of major geological features throughout the Canadian 
landmass. Emphasis will be on lhe application of deep seismic 
reflection techniques, including vibroscsis, and regional 
ihrcc-diinensiunal seismic refraction methods. Other geological 
and geophysical methods will be incorporated ns necessary. 

Field investigations will be carried ouL in all parts of Canada, 
from the east and west coasts to the Arctic Ocean Basin. 
Research studies will demand extensive use of smtc-of-lhe-art 
computer-based processing and international methods. 

You require graduation with tt doctorate degree from a 
recognized university in geophysics, geology, physics or a 
related field, or a lesser degree will) evidence of research 
experience and productivity equivalent to that of a doctorate 
degree. Extensive experience In the processing and 
Interpretation of multifold seismic reflection dutq Is also 
required. Knowledge of either F.ngllsh or French Is essential. 

We offer a salary ranging from 126,834 to $49,913 
commensurate with your qualifications and experience. 

Elective 23 June 1984, the revised salary' range will be ■ 

• 128,176 to *52,409. . ■ ' ■ • 

Forward your application form and/or 

quoting reference number S-84-31-5523JG47(Gl4), lo: 

■ Joan Girling (613) 593-5331 ' 

Public Sendee Commission of Qinnda 
j- Ottawa, Ontario K1 A 0M7 , 

Closing date: 31 August 1984 


! The Public Service of Canada Is 
: an equal opportunity employer 
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Postdoctoral Poaldon/UCLA. Postdoctoral posi- 
tion in experimental geochcmwiry/peirology avail- 
able immediately for research on uppejr-inantlc or 
lower-cnistal problems. Successful applicant will 
have a strong background In thermodynamics ana 

P.- -J la. A m-t 1 mil. 


of California, Los Angeles, California uuuxi. tele- 
phone (213) 825-8868. 

UCLA Ii an equal opportunlty/affirmatlvc action 
employer. 

Assistant Research GronhyalcIsL The Institute 
of Geophysics and Planetary Physics or the Ocean 
Research Division of the Scripps Institution or 
Oceanography arc cnsuMcring iheappolmmcniol 
an assistant research geophysicist, step 1 or 2, to 
loin a research group conducting electromagnetic 
soundings of the ocean floor. Applicants should 
have experience with land and oceanic EM mea- 
surements, a demonstrated capacity to design and 
construct equipment, and the ability to entry put ex- 
periments at sea. A Ph.D. in geophyijra or related 
sciences is required. Candidates altould have some 
experience with ihe analysis ond Imerpreiaucm or 
Em data. Salary range Is $25,100— 1 00. Appli- 
cants must submit a resume, copies ol relevant pub- 
lications, and the names of three references by I 
July I9M toi 

Dr. Alan Chave 

University of California, San Diego _ 
Institute of Geophysics and Planetary Physics 
V A-025 
U Jolla, CA 92093. 

The University ol California is an affirmative ac- 
licm/cqual opportunity employer. 

MlcropalentoIoglil/UiilvcraUy of Puerto Rico, Ms- 
yaguei. Position open July l, 198-1. Assistant Pro- 
fessor level, tenure ir.uk', $17,820 per annum (9 
months teaching). Ph D. required, unties will in- 
volve leaching at ihe graduate level ctnirscs m the 
discipline being cuniiilcrcd here, supervising stu- 
dent rcscaich and cumluc ling jwrwiiul icic.mn. 

Applicant * should send tiirnculiim vnac, a brief 
itaicmrnt uf touching and research plans jik! three 
let lets nf ret iiiiiniendatinii In Chairman, Appoint- 
ments Committee, Denari mem of Marine Sciences, 
Univrisilv of I’ucilii Kim. May.iguci. P.R. 00708. 
Tdcpltulie WHI-H32-IWU, ext. 3 M3 


Research PosUion-Spxco Physics/RIcc University. 

The Space I'hy-sirs aiul Asironomy Departmeni ai 
Rice University seeks applicants for one or more 
fu!I-iinic research positions within the department. 
Successful applftangs) will play key role(s) in (be de- 
velopment alilieorciicai three-dimensional models 
or the Earth's electromagnetic field. Applicants 
should have knowledge of, and interest in. al least 
one of ihe following areas: solar-wind magnelo- 
apltcre interacliutis, nugnctosphere-ionospherc cou- 
pling, ionosphere-aim os plie re coupling, colli sionlcss 
plasma micrnphysics, atmospheric electricity. Expe- 
rience and/or interest in numerical modeling is an 
important conshlr ration. 

Title and salarj level commensurate with experi- 
ence, ranging from ouc-ycar Research Associateship 
(icneivabfc in subsequent years depending on per- 
formance) Ui open-ended Research Scientist ap- 
pointment in die Center Tor .Space Physics. Please 
send resume and names uf three professional refer- 
ences io T. W. Hill or R. A. Wolf, Space Physics and 
Aitromuny Dept., Rice University, Houston, TX 
77251. 

The University is an equal opportunity /affirma- 
tive action employer. 

University of Cambildge/Thcoretlcal Seismologist. 

It b Imped soon to appoint a postdoctoral e to _ 
work independently in the general field of theoreti- 
cal xismotogy- An interest in seismic modelling and 
interpretation, particularly or body-waves, would be 
suitable. Stimulating environment with other theo- 
retical, refraciion, reflection and earthquake seis- 
mologists. University salary. Send curriculum vitae 
to Professor G.H. Chapman, Dullard Laboratories, 
Department of Earth Sciences. University of Cam- 
bridge. Madinglev Road, Cambridge CB3 OEZ. En- 
gland, by 31 July 1984 

Research AasoclaicKeseiu-ch Technician. The 
University of Maine at Orono (UMO) has an open- 
ing Tor a research associate/ research technician who 
would work in a small geophysical group. We seek 
an individual who can use and maintain modern 
digital electronic equipment; for example, multi- 
channel analysers, I/O interfaces for microcomput- 
ers, digital pfouen and digitiiing tablets. Famularity 
with BASIC and FORTRAN will be needed, and 
some geophysical field work may be required as 
part oT the duties or the appointee. Current fund- 
ing permits an appointment forai least 12 months. 
Subject to arrivaT of anticipated funding, the 
apponunent period could be extended to two years, 
or longer. Cadi Edward R. Decker at 207-58 1 -2158 
or 207-581 -2 152 about the position. Otherwise, send 
inquiries, a vita and a list of at least three references 
to Edward R. Decker. Department of Geological Sci- 
ences. MO Boardman Hall, University of Maine at 
Orono, Orono, ME 04469. 

The University of Maine is an equal opportunity/ 
affirmative action employer. 


Research Assoclsle/Brown University. Research 
Associate in PUneiary Geology at Brown University, 
Providence. Rhode Island. Experience in geologic/ 
gcomarphic analysis of planetary images, study of 
surface geologic processes, computerised image 
processing, and/or quantitative gewnurphology Is 
desirable. Deadline Tor applications is June 39, 

1684. Submit resume, names and addresses of three 
references tu nr. James Head, Box 1840, Bmwn 
University, Providence, R.I 02912. 

Brown Uniieruty is an cqoalAfpportuniiy affirma- 
tive action employer. 

Postdoctoral Research Associate Posit ioiu/Gco- 
phsrslra and Igneous Geochemistry. The Univer- 
sity of Maine at Onmu (UMO) has postdoctoral 
openings fi ir a solid earth geu]ihysiciM and an igne- 
ous geochemist. We seek a geophysicist who wishes 
tn advance fundamental nude islanding nf past and 
uittcnl thermal histories nr the Appalachian 
Orugen its New England and elsewhere. Ilie geo- 
chemist would be expected tuifiinrigate vulcanic 
and ultiliink suites in (he Appalachians in Maine 
and in other icrrann. Umrcin funding penults ap- 
pointments fur Bt least 12 mouths. Subject tu arrival 
Sr anticipated funding! the appointments could be 
mended tu iwo years. Both appointments could 
suit as early as August l, 1981. Excellent facilities 
for gcalliermal research, computer applications, 
petrologic research and geodnono logic studies exist 
at UMO- Additionally, limited funds arc available 
Tor travel and research, and die appointees will be' 
encouraged tu generate cx tenor support Imbndiial- 
ly or through cooperation with existing frailty. 
Please »end inquiries. a vlia, a list of rcfeires, and a 


Assistant Professor of Geolo«. A on C term, re 
ncwable (possible tenure iraeEj 
tember I.TSm. Ph.D : is requtred: M^rong 
background, interest in scdtmeniolog^ Will teach 
grnduatc/undcrgraduate courses in Waaler an 
Rave strong interest in research. Salary omMi 
rate with qualifications and expenence. Review 
credentials begins June 30. 1984. Send viia.sute- 
ment of teaching and research interests and names 
of four references to: Search Committee, Depart- 
ment of Geology. Eastern Washington University. 
Cheney, WA 99004- . 

An equal opportunity employer. 

Research Aaioclaie/Uislwraiiy df Maryland. The 
Space Physics Group of the Department 
and Astronomy ha* an opening for a^arrh As 
soclate beginning as early as July !|J 9 ^ ' 

tial one-ynr period with high likelihood daw 
lion. The position involves research on emergent 
particles of soUr and interalanctary origin. Appli- 
rants should possess a Ph.D. in a relevant area • 
physics or astrophysics; relevant research experi- 
ence Is highly desirablr. Inquines and appffowm 
should be addressed to Professor Glenn 
Departmeni of Physics and Mtronorm. University 
of Maryland, College Park. MD 2074« < Applitanu 
should send a vita including complete biUiography 
and a description of research expenence, and 
should arrange for the sending of al least three let 
ten of reference. . ,, . , 

The University of Maryland is an equal opponu- 
nity/affimiaiive action employer. 

Postdoctoral Fellow In Igneous Petrology. Avail- 
able August 15, 1984, duration of 1-2 years. Areas 
of research inludc niincralogy/pctrology/geochcrnJS- 
iry of kimberlites and lunar rocks. A working 
knowledge of the electron micropobe tt required. 
Please send resume, short summary of research 
goals ami the names of three persons who may be 
contacted for recommendation to: 

LA. Taylor 

University of Tennessee 
Department uf Geological Sciences 
1 Knoxville, TN 37996 

Telephone: 615-974-6013 

Postdoctoral Research Positions In Planetary 
Atmosphcrca/Lunar and Planetary laboratory, 
University of Arisons. Applications are invited 
for postdoctoral research positions at the Lunar and 
Planetary Laboratory, University of Arizona, in 
Tucson. Arizona. The two positions win involve re- 
search in planetary physics and analysis or Uv daia 
from the Vc-yager mission. Research opportunities 
for these positions include the bound and extended 
atmospheres and ionospheres of the giant planets 
and their satellites, the lo plasma torus, earth's at- 
mosphere, the interstellar medium, and the a*™*' 
sphere and ionosphere or Venus. Applicants should 
have a strong background in theory and data analy- 
sis. Physicists and astronomers are encouraged to 
apply. Curriculum Vita, bibliography and three let- 
ters of reference should be sent by July 15, 1984, to 
Dr. A. L. Broad fool, Lunar and Planetary Labora- 
tory, Unvicisity of Arizona. 3625 E. Ajo Way, 
Tuscon, Arizona 85713. 

The University of Arizona is an Equal Opportuni- 
ty Employer. 

Electronics Engineer. Technical and supervisory 
position in new elec ironies facility in Untveroiy of 
Arizona's Lunar & Planetary Laboratory. Deiign. 
construction, and maintenance of specialized scien- 
tific instruments and computer-based systems for 
laboratory, astronomical, and spacecraft applica- 
tions. Minimum requirement of Bachelor's Degree 
and 5 ynn experience or cqutalenu Experience 
with military or space-qualified hardware desirable. 

Staff Employment Office 
University or Arizona 
1717 E. Speedway Blvd. 

Tucson. AZ 85721. 

Equal Opportunity/Affirmatlvc Action Employer 


SERVICES, SUPPLIES, COURSES, 
AND ANNOUNCEMENTS 



Announcements 

Water Quality Modeling 

September 6-7, 1984 Conference on 
Stormwater and Water Quality Management 
Modeling, Hamilton. Ontario, Canada. (Wil- 
liam James, Civil Engineering Departmeni. 
McMaster University, Hamilton, Ontario, 
Canada, L8S 4L7.) 

The deadline for submitting abstracts is 
July I. 1984, 

Conference talks will concern modeling 
pollution from urban and industrial sources. 
Papers are particularly solicited on emerging 
microcomputer hardware and software tech- 
niques in stormwater, flood, and pollution 
management. 

Tar Sand Symposium 

June 26-29, 1984 WRI-DOE Tar Sand 
Symposium, Vail, Colo. Sponsors: Western 
Research Institute, U.S. Department of Ener- 
gy. (L. C. Marchant, Western Research Insti- 
tute, P.O. Box 3395, University Station. Lara- 
mie, WY 82071; tel.: 307-721-2203.) 

Technical sessions will run from June 27- 
29, with informal technical discussions 
planned for June 28. Among the topics ad- 
dressed by formal speakers will be resources, 
in situ extraction processes, bitumen proper- 
ties and upgrading, mining and plant extrac- 
tion processes, and environmental and eco- 
nomic concerns. 

Environmental 
Data Users 


Precision Tiltmeters For 

• Tectonics 

• Forth Tide Measurement 

• Volcano Studies 

• Civil & Geotechnical 
hnginoenng 

Automated Digital Data 
Loggers For Geophysics 
8i Hydrology 

• Multichannel 

• Portable 

• )6-Bif A lo D 

• Programmable 


Microcomputer-Based 
Data Acquisition Systems 

• 32 Channel, Expandable 

• 1 6-Bit A to D 

• Quad Density Disc Dr ives 

APPLfED^ ^ 

GEOMECHANICS 

INCORPORATED 

1 336 Brommor St. Santa Cruz, CA 95062 
(4081462-2801 


STUDENT OPPORTUNITIES 

Special Doctoral Rerearch AulifautUhlpi. The 


August 19-22, 1984 Pathways and Future 
Directions for Environmental Data and Infor- 
mation Users, Denver, Colo. Sponsor: 

NOAA. (SES, Incorporated, P.O. Box 2697, 
Springfield, VA 22152.) 

Early registration deadline is July I. 1984. 
The objective of the conference is to increase 
user awareness of the range of environmental 
data available to the public. The program will 
consist of panel presen rations followed by 
question and answer periods. The use of en- 
vironmental data in many disciplines will he 
addressed, including legal and insurance in- 
dustries, navel and tecrcauun industries, 
communications and aerospace industries, ur- 
ban and regional planning, renewable re- 
sources management, health and natural haz- 
ard monitoring, architecture and engineer- 
ing, and marine exploration and coastal zone 
development. There will also be exhibits and 
displays from each of the four data centers of 
the National Environmental Satellite, Data, 
and Information Service. 

Magnetism and 
Magnetic Materials 

November 27-30,' 1984 Thirtieth Animal 
Conference on Magnetism and Magnetic Ma- 
terials, San Diego, Calif. Sponsors: American 
Institute or Physics, Magnetics Society of 
IEEE. (John Scon, American Institute of 
Physics. 335 East 45lh St, New York, NY 
10017.) 

The deadline for submitting abstracts is 
July 6, 1984. 

The purpose of the conference is lo bring 
together scientists and engineers interested in 
recent developments in all branches of funda- 
mental and applied magnetism. Emphasis is 
placed on experimental and theoretical re- 
search in magnetism, die properties and syn- 
thesis of new magnetic materials, and ad- 
vances in magnetic technology, The program 
will consist cl both invited and contributed 
papers. 


coupled with tile increased exploration and 
understanding of the earth's system (particu- 
larly the study of magnetosphere-ionosphere 
coupling, which hns been the subject ofsever- 
al past Yosciiiiie meetings), made the topic of 
comparative planetary plasma environments 
an excellent choice for the fifth biennial Yo- 
scinitc topical conference. 

Tlte program was organized into five main 
sessions. The opening session provided an 
overview of the major morphological features 
of planetary and enmeury systems. The fol- 
lowing two sessions discussed the plasma And 
energy sources that operate in these systems. 
These curly sessions provided the framework 
for the final two sessions, which dealt with 
the interaction of the various plasma compo- 
nents ol the systems and with the commonal- 
ity or the physical processes that take place 
within the solar system environments. 

Chris Russell of the University of Califor- 
nia, Los Angeles began the lirst session withi 
whirlwind tour discussing the solar wind in- 
teractions with various inner solar system 
bodies. The outer planets were then ad- 
dressed by Ralph McNutt or the Massachu- 
setts Instil me of Technology, and Tom Cra- 
vens or the University of Michigan discussed 
the interaction of comets with the solar wind. 

The first session identified several interest- 
ing questions that were explored in subse- 
quent sessions of the conference. (1) What is 
die nature of the solar wind interaction with 
Mars? (2) How important is the role of iono- 
spheric plasma as a source of magnetospheric 
plasma at the outer planets? (3) WhaL is the 
difference between the solar wind/comei and 
the solar wind/Venus interactions? These 
questions not only stimulated much discus- 
sion throughout the conference, but also sug- 
gested future planctai y missions and instru- 
mentation (hut could help address these ques- 
tions. 

The second session focused on sources of 
plasma within planetary and cometary sys- 
tems. Doug Torr discussed the role of both 
electron precipitation and solar EUV produc- 
tion of ionospheric plasma with emphasis on 
the need for proper calibration of the exist- 
ing solar EUV data sets. He indicated that id 
1 regions of 1 1 ic E U V spectrum thci e may be u 

l much as a factor of 3 error in die widely usd 
Hiiiicrcggvr EUV Ihtxes and that proper call 
bratkin can help to explain the long standing 
discrepancy bet ween the modeled and mea- 
sured photnckiTion spectrum. 

T;u nas (iomhosi contrasted and compared 
the structure of die Venusian. Martian, an 
terrestrial ionospheres. While O* is the mzjor 
> ion in the upper ionosphere for all Jhw* 


description of research imcieiu to Edward R. Deck- 
er or Daniel R- Lux. Dep-irwient ol C«k>nkal Sci- 
eneca. 1 10 Doardman Hall. University of Maine at 


encea, 1 10 Doanlnutn nail, university m njano ai 
Ororto. Orono, Maine DM69. Telephone calls may 
be made to 207-581-2159, and forwarded to. Decker. 

^The ^ University- or Maine U an equal opportunity/ 
affirmative action employer. : . 


1985. These carnr a (Upend ot *7,000 per academic 
rear, renewable for three yean. Applicants with 
M.S. degrees qualify for waiver oltuiUon. Students 
interested in obtaining the PhD. in the areas or bio- 
bwkM, Chemical, geological, or physical oceanogra- 
phy should semi an Introductory reunite m Dr 
Ronald E. Johnson; Graduate Program Director, 

ssaw 0,5 1 J . 

* mrn,,,ht Kii r 


Meeting Report 

Yosemite 

Conference 

A conference on Planetary Plasma Environ- 
ments: A Comparative View was held in Yo- 
semiie, Calif., January 30 to February 3, 

1984, The purpose of the conference was to 
uucuss the comparative aspects of planetary 
and cometary plasma systems. Major support 
tor the conference was provided by the Na- 
tional Aeronautics and Space Administradon, 
Uffice of Space Science and Applications. Ad- 
ditional sponsorship was provided by Ball 
Acrosp^e Ssytems Division, TRW Space and 
technology Group, the American Geophysi- 
■ cal Union* and Stanford University. 

. ® ver !*« 1.0 years, we have obtained 
important new information on the planetary 

&^? IV 25 ®“ ll u bf V^ us . jupher, and 
Saturn* liy addition, there are several planned 

Sf&F* ^hdevous missions which 
will be taking a first m ?hu Ipok at these in- i 
leresung, objects in the next £ years. This, ; 


planets, the minor ion composition is wag 
ed toward nitrogen -derived ions for earui 
and cat lion dioxide-derived i<»» [or 
and Mars. It was also noted that the mainte- 
nance of the nighttime Venusian tonospnj 
is due mainly in inn flows from the days 
driven by plasma pressure gradients, R 
than particle preri pi union as lim suspe 
from early Soviet Venera Data. 

The ionospheric structure in the oUl " ■ 
planets was reviewed by Siishil Atreya. 
dicated that in the high latitude J 0M0, P , 
or Jupiter, Saturn, and Uranus > l,c aiirt J 
preri pit. u ion energy is large enough i F 
vide the dominant source <>r 
that at low and mid -lal it udes, solar tc 
sources were thought to dominate- 
Asoka Mcndis identified four P°”% 
sources of ions for eomciary systems- t r; 
tolonizatioii, (2) charge exchange wi in ^ 
wind ions, (3) electron impact lomw*’ 

(4) critical velocity ionization. He ren 
both chemical and dynamical modeling; ^ 
comets, noting some of lire conirove ^ 
ideas that have developed from d . , 
These ideas fueled the discussion [hat 
lowed the talk. The discussion cen era 

the role of friction, between the n mejW 
escaping gas in a cometary sysicmi 
or providing a choke for a transonK . 
pansion in flic cometary atmosp 1 . ' ^ in 
The solar wind as a source of w™ d ^ 

inagnerospheric systems was discu 

Tim Eastman. Tun esu mated uw * ■ 

10 s6 ions s' 1 enter the Sited 

sphere from the solar wind. He 
that in quiet times the solar w,n „ ni «itio'n, yd 
dominated the plasma sheet 001 P becar™ 
in storm times the earth's, lonosj) ^ 

the dominant source of P* as^1 ?._ lrt sassod ,, ' 
He suggested that effusive i major 

ed with wave particle inreracti ^ ^ 
process for solar wind P*^ a ?~Lietfc 
earth’s magnetosphere and _lha 
merging is less significant. th« dis- 

agreed with this point of view .^thfc- 
cussion period, suggesting tiw ^ ^ 
importance of the two processes 
open question. , . . discus# 1 ? 

. Critical velocity ionization nf Ca liforn»- 
Patrick Newell of the Umver* 1 ^' , fopeh 

■ SaH Diego. Although Titan, i|w 

have been suggested as laca “ BfMir j :c 0 f io^ ir 

.effect might be an important . 

lion, very little experlniental_ _ |a4jn>s c* 

, cridcal velocity donizBtion in, 

■ ists at this time. Peter; Ojlbfb^it 

.'suggested that this medtanj i i * x 

■[. sponsible for thp high Ion. d : ^ - 

, ; : pm’®) sqqn around tire sp 41 * ■, 
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dayside orbital segments on STS-3. 

Tire energy sources session next focused at- 
tention on the energization of plasmas in 
planetary systems. Bill Knudson began the 
session by discussing plasma energization at 
the inner planets with particular emphasis on 
Venus using Pioneer Venus measurements. 

He indicated that as one crosses from the so- 
lar wind through the mantle interaction re- 
gion to the Venusian ionosphere, the electron 
temperature goes from 10 to 100 eV due to 
ion exchange with the solar wind. Waves are 
also produced by the solar wind interaction 
that, through Landau damping, serve as a 
heat source for the topside ionosphere. 
Knudson estimated dial about 5% of the so- 
lar wind energy incident on Venus comes 
into the ionosphere. 

This behavior of a fairly direct energization 
of the planetary plasma at Venus was con- 
trasted with more complex solar wind/magne- 
tosphere energization processes in a review 
by Michael Schulz. The observed monotonic 
decrease of energetic phase space density 
with decreasing L indicates that the plasma 
energization in the earth's magnetosphere is 
intrinsic to the inward transport driven by so- 
lar win d/magnetospheric convection, 

Alex Dessler gave an interesting talk, sug- 
gesting that planetary rotation, by exerting a 
magnetic torque, may be a general source of 
energy for magnetosphere systems. He indi- 
cated that there are two ways to supply the 
torque: (l) to have an internal plasma source 
suen as lo in the Jovian system or (2) to have 
an external plasma source such as the solar 
wind. Alex and coworkers have done some 
recent calculations, indicating that this may 
be an important source of energy for the 
magnetospheres of Jupiter, Saturn, Uranus, 
ana possibly Neptune. 

In the absence of collisions within planetary 
plasma systems, waves provide Ore required 
dissipation and thus serve as important 
means of redistributing energy within the sys- 
tem. Maha Ashour-Abdalla suggested that 
there are two types of wave heating: (1) qua- 
si-linear heating by many low amplitude wave 
modes, or (2) heating by a few strong wave 
modes where particle orbits that were orig- 
inally bounded become unbounded and sto- 
chastic. The remainder of her presentation 
dealt with a specific example of the latter 
process. 

While the first three sessions dealt with the 
separate elements of planetary and cometary 
plasma systems, the fourth session (interactive 
plasma processes) addressed the interplay be- 
tween the separate components. The session 
began with a presentation of some examples 
of _ terrestrial magnetosphere-ionosphere cou- 
pling processes. 

Hunter Waite reviewed recent results from 
the Dynamics Explorer satellite program. 
These included recent studies on ion-neutral 
coupling processes and also DE l observa- 
tions of low-energy ion outflows observed at 
hiah latitudes in the terrestrial magneto- 
sphere. In particular, significant fluxes of 0* 
are commonly observed flowing out of the 
ionosphere at high altitudes over the polar 
cap. 

A review of terrestrial ionospherc-magne- 
losphcrc modeling was given by Dick Wolf. 
Carl Mcllwain questioned the subsiorm sce- 
nario and suggested tlint the magnetic field 
configuration might simply set up the electric 
field that then led lo auroral precipitation. 

Carl Mcllwain and Peter banks both asked if 
it was possible that mass loading of the high 
latitude magnetosphere was an important 
consideration for tlte convection electric field, 
a question certainly inspired from earlier pre- 
sentations on mass loading of the solar wind 
at Venus and in comet systems. 

Janet Luhmann presented results on the 
Venus-solar wind interaction. She indicated 
that there is a conversion of solar wind dy- 
namic pressure to magnetic pressure that is 
|natched by the ionospheric pressure at the 
tonopause. The solar wind dynamic pressure 
controls the altitude of the ionopause. When 
the altitude approaches its minimum ob- 
pyed value ot 200 km, large-scale magnetic 
he ds develop within the ionosphere. These 
helds, according to Luhmann, can be ex- 
plained ns a result of a combination of verti- 
cal convection of magnetic flux from the ion- 
opause and diffusion. Rob Wolfe, however, 
asserted that the Cloutier model of the inter- 
action does not agree with this interpretation, 
in the Cloutier model, a large-scale current 
system is driven in the ionosphere by absorp- 
tion of so| ar wind plasma. A long discussion 
on the virtues of both model ensued, and it 
was clear that more careful study will be re- 
quired to determine which physical scenario 
produces the correct magnetic field within 
ine Venus ionosphere. 

The emphasis then switched to the outer 
planets and the interesting new results that 
now tire importance of moons and rings as 
ourcesand sinks of magnetospheric plasma, 

I'niGoertz categorized the effects of moons 
oy whether they had an atmosphere and 

nether they were magnetized or not. 

t he interaction of comets with the solar 
wnd was revisited by W. H. Ip. Again, the 

ntrast of the cometary case with the Venus 
interaction focused on the greater degree of 

ass loading ahead of the shock and possible 
I w » v e particle interactions that could 
raa to the formation 6f a weak cometary 
shock. Ip also suggested that the wavy or 
■ "y .^figurations observed in cometary 

n tails are indicative of Kelvin Helmholtz or 


Rayicigh-Taylor instabilities triggered by so- 
lar wind disturbances. In addition, Rick El- 
phic presented some evidence oF filamentary 
structures in the Venus nightside ionotails 
that are quite suggestive of comet ion tails 
and may serve as further evidence or similar 
physical processes in the Venus and come- 
tary/soiar wind interactions. 

The final session attempted to identify and 
describe some of the common plasma pro- 
cesses that occur in solar system plasmas. Ron 
Lepping began the session with a talk on bow 
shock and magnetopause formation. AH plan- 
ets observed to date have a bow shock and all 
but Venus have a magnetopause. The charac- 
teristics of the bow shocks of planets depend 
strongly on the solar wind conditions, where- 
as the shape of a magnetopause will depend 
crucially on the detailed three-dimensional 
pressure profile it presents to the solar wind. 

Acceleration processes in plasma systems 
appear to be an important common process 
as deomonstrated by the observation of auro- 
ras at Earth, Jupiter, Saturn, and Uranus. 


Tom Hill opened his talk on the subject by 
indicating that acceleration of particles in a 
magnetosphere implied the violation of the 
rules of MHD. He classified these processes 
according to the invariant violated and 
showed that his was sclf-con si stem with classi- 
fying acceleration processes according to 
their timescales or their physical mechanism. 
He concluded by pointing out three new 
challenging questions for future comtempla- 
tion: (1) What produces energetic particle 
bursts? (2) Why does the lo plasma torus heat 
as it moves radially outward from Jupiter? (3) 
Why is O* accelerated in the terrestrial polar 
cap? 

Transport processes within plasma systems 
were reviewed by George Siscoe. Charged 
particles move through magnetospheres in 
three ways: (I) convection, (2) diffusion, and 
(3) field-aligned winds. Charge exchange, 
however, also causes mass transport by con- 
verting magnetically Imund ions into fast un- 
bound neutrals. Steady and nonsteady con- 
vection is driven in the earth's magneto- 


sphere by merging between the planetary 
magnetic field and the solar wind magnetic 
field. This is to be contrasted with the mag- 
netosphere of Jupiter, where convection may 
be driven by centrifugal force acting on an 
inhomogeneous distribution of corotaung 
plasma. Siscoe also noted that when induced 
electric fields are present, as must be the case 
during magnetic field collapse or inflation, 
magnetospncric motions arc not necessarily 
reflected in ionospheric motions. Nonsteady 
magnetic merging can also generate plasma 
bubbles (plasmoids) which are a source of 
field-nligned winds. Diffusion is needed to ac- 
count for particles with energies higher than 
the convection potential and is important in 
the earth's radiation belts and possibly in Ju- 
piter's middle magnetosphere. Transport 
processes can also be driven by atmospheric 
circulation. Indeed, in a magnetosphere, 
stresses on both ends of a magnetic field line 
must be balanced and communicated by 
means of field-aligned currents. 
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The coupling between ihc upper anno- 
spherc and magnetosphere was further ad- 
dressed by Ray Roblc. He used as an illustra- 
tive example the terrestrial case where both 


solar EUV heating and ion -neutral coupling 
produce strong forcing on the high latitude 
upper atmosphere. Although separate nu- 
merical models of global electrodynamics, 
ionospheric dynamics, and thermospheric 
dynamics Tor the earth now exist, the next 
major step in understanding this interaction 
is to couple these models together. This work 
is now in progress. It was also pointed out by 
several people at the conference that the 
large auroral energy inputs at Jupiter, Sat- 
urn, and Uranus would also result in com- 
plex coupling between the magnetosphere 
and upper atmosphere, as is the case at earth. 

The energetics of planetary plasmas was 
addressed by Larry Brace. He used as con* 
misting examples the ionospheres of Earth 
and Venus. Both planetary ionospheres are 
heated by photoelcctrons and by wavc-pard- 
de interact ions generated at important plas- 
ma boundaries (e.g., die plasmaplause at 
Earth and die ionopausc at Venus). Larry 
also mentioned the observauon of electron 
temperatures of greater than 10,000 K in the 
terrestrial dayside auroral zone and cusp, 
which may help to explain the presence of 
low-energy O* ion outflows observed over 
the polar rap on the DF. spacecraft. The ele- 
vated elec iron temperature may increase the 
ambi|)olar electric field enough to enable O* 
to overcome the gravitational barrier and es- 
cape. 

Sources and losses of plasma were collec- 
tively dealt with by Peter Banks on the Iono- 
sphere ns a source i»r magnetos plicric plasma 
and by Andy Cheng on rings and moons as 
plasma sources. Peter covered the evolution 
of our ideas on the source uf plasma in the 


earth's magnetosphere. While in the 1950 s 
all plasma was thought to come from the so- 
lar wind, recent DE measurements now sug- 
gest a plethora of low-energy H*. He ■ and 
0* ions coming out of the earths high lalt- 
lude ionosphere. He suggested that this could 
cause us to reexamine some of our theoreucal 
understanding of polar wind processes. 

In outer planet magnetospheres, the pre- 
sent emphasis is understandably on the rela- ■ 
lively new phenomenon of moons as a source 
of magnctospheric plasma. Cheng indicated 
that source mechanisms for particle escape 
from the moons included sputtering, subli- 
mation, thermal escape, and ion pickup. Neu- 
trals can escape before they are ionized. Sat- 
ellites and rings can also lead to a loss of plas- 
ma. These loss processes include satellite 
sweeping, absorption, and wave-particle inter- 
actions. 

Richard Thorne gave a theoretical review 
of wave processes in planetary magneto- 
spheres. He began by staling that waves dom- 
inate magnetosphcric dynamics by (1) provid- 
ing rapid loss of energetic particles, (2) relax- 
iug unstable distributions, and (3) providing 
energy equipartition. He went on to clarify 
that in magnetospheres, transport dominates 
in the outer magnetosphere and loss rates 
from wave processes dominate in the inner 
magnetosphere. Lou Lanzcroui still fell this 
to be an oversimplification. He stated in a 
comical, yet serious, fashion that waves domi- 
nate everywhere, except where there are ex- 
ceptions, such as (I) particle collisions in cold, 
dense tori; (2) rings; (3) satellites; and (4) 
dust. 

Thus, the conference ended as it began, in 
debate and good scientific exchange. The 
conference, by being broad in scope, not only 
provided each scientist an opportunity to look 
at the overall picture and actually become in- 
volved in comparative magnctospheric phys- 
ics, but also assured that no one could be an 


expert on everything. All attendees left know- 
ing more than they did when they arrived. 

More specifically, the conference indicated 
the need to cany out some cometary missions 
to take advantage of the vast amount of in- 
formation on the Venus-solar wind interac- 
tion collected by Pioneer Venus. The confer- 
ence indicated the need to fly an ionosphere- 
magnetosphere mission to Mars to 
understand the nature of the solar wind in- 
teraction with that planet. The conference 
also suggested that further measurements of 
the dynamical motions and the ion outflows 
(over the thermal to MeV energy range) From 
the high latitude ionospheres and thermo- 
spheres of the outer planets would contribute 
gready to our snidy of magnetosphere-iono- 
sphere coupling processes. On a more practi- 
cal note, suggestions were made to (1) do a 
careful comparison between Cloutier's model 
and other models of the Venus solar wind in- 
teraction. (2) complete reduction of die lower 
ionosphere data of the Jupiter and Saturn 
ionospheres because these measurements are 
important in determining the ionospheric 
conductivities and thus the degree of cou- 
pling between the ionospheres and magneto- 
spheres in these systems, and (3) move for- 
ward with coupled chemical and dynamical 
models of comeiary and planetary system. 

This meeting report was contributed by J. H. 
Waite,- Marshall Space Flight Center, Huntsville, 
Ala., and C. R. Clavev, STAR Laboratory, Stand- 
ford University, Slandford, Calif. 
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ic 10-12 Canadian Hydrology Symposium 
984, Quebec, Canaria. .Sponsor; National Re- 
carch Council of Canada Associate Commit- 


June 4-6 Intcrnntional Conference on Inverse 
Problems or Acoustic end Elastic Waves, Ith- 
aca, N. Y. Sponsor; Cornell University. (Yih- 
Hsing Pao, Department of Theoretical and 
Applied Mechanics, Cornell University, Itha- 
ca. NY 14833; id.: 607-256-2345.) June 4- 
7 Symposium on Climate and Paleocllmsle 
of Lakes, Rivera, and Glaciers, Iglt, Austria. 
Sponsor: International Commission on Cli- 
mate, IAMAP. (M. Kuhn, lnstitnt fur Mcicor- 
ulogie und Ccopiiysik, Schocpfstratsc 41, A- 
6020 Innsbruck, Austria.) (Get. 25, 1983.) 

June 4-8 IWRA Seminar on River Basin 
Strategy, Linkbping, Sweden. (U. Lohm, Wa- 
ter Theme, Linxbping Univ., S-58183, Links- 
ping, Sweden.) (Oct. 18, 1983.) 

June 4-8 Seventh International Conference on 
Atmospheric Electricity, Albany, N. Y. Spon- 
sors: IAMAP International Commission on 
Atmospheric Electricity, AMS, and AGU. (R. 

E. Orville, Atmospheric Electricity Confer- 
ence, E.S. 214, 1400 Washington Ave., SUNY, 
Albany, NY 12222; tel.: 518-457-3987.) (July 
26. 1983.) 

June 4-8 Third In lei national Conference on 
Urban Storm Drainage, GOtcborg, Sweden. 
Sponsors: IAHR ancTlnicrnationaJ Associa- 
tion on Water Pollution Research. (P. Malmq- 
vist, do Dept, of Hydraulics. Chalmers Univ. 
of Technology, S-4l2 96 GOteltorg, Sweden.) 

June 5-6 Ogallala Symposium II, Lubbock, 

Tex. Sponsors; Texas Tech University Water 
Resources Center, Internationa] Center for 
Arid and Semi- A rid Land Studies, High 
Plains Underground Water Conservation Drs- 
trici No. 1, Panhandle Underground Water 
Conservation District, Oklahoma Slate Univ. 

Div. nf Agriculture, USGS. (WKC. Texas 
Tech. Univ.. laiWnrck. TX 79109. tel.: 8u6- 
742-3597 j (Mav I, J 98-1. 1 
June 6-9 Second American Conference on Ice 
Nucleating Bacteria, H.igscill. Atiz. (Ralph 
Nl. BUby Research Center, Box 6013. North- 
ern Arizona Univ., H.igsiall, AZ 800)1.) (Nnv. 

15. 1983.) 

June 10-12 Canadian Hydrology Symposium 
1984. Quebec, Canaria. Sponsor: National Re- 
search Council of Canada Associate Commit- 
tee on Hydrology. (H. K. Wliiiclcy. School of 
Engineering, Univ. of Guelph. Guelph. On- 
tario NIG 2WI.) (May I, 1984.) 

June 10-15 65tli Annual Meeting of the 
American Association for the Advancement 
of Science (Pacific Division), Sail Francisco. 
Calif. (John H. Vann, Dept, of Geography. 

; California Slate Univ., Hayward. CA '1-154-.: 

I tel.: 415-881-3193.) (Jan. 31, 1984.) 

| June 11-12 Fifth European Conference on 
I Environmental Pollution, Amsterdam, The 

NciIict lands. (V. M. Bhatiuiuer, Dux 1779, 

I Cornwall, Ontario K6H 5V/, Canadn.) 

| June 1 1-13 Symposium mi Critical Assessment 
of Forecasting in Western Water Resource 
, Management, Seattle, Wash. Sponsors: AW KA 
and ATJU. (G. R. Minion, President, Resource 
1 Planning Assoc., 113 l.yun St., Seattle, WA 
j 98 1 U9; tel.: 2(16-282- 1 68 1 .) (May 1 5, 1 981.) 
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' Physics Dent., lohm Hopkins Univ- Ualti- 
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I ScluMlof Civil Enginccrinu. I’urduc Univ.. 
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| Univ., Utah Geological and Mineral Survey. 

1 National Research Cnuncil Committccon Nai- 
| ural Disasters, and Utah Science and Tcdinoi- 
j ogy Council. (David Bowles, Utah Water Re- 

■ search Laboratory, Utah State Univ., UMC o*. 
Logan, UT 84322.) (May 8, 1984.) 

■I Junet7--2S Second International Taunaml 
| Conference. Las Vegas, Ncv. (Tsunami Socte- 
.1 ly. Box 8523, Honolulu, HI 96815.) 

. June 18-22 Fifth international Conference on 
• Finite Elements In Water Resources, Surtirg- 
| ton, Vi. Sponsors; Univ. of Vermont. AGU. 

-i y. P. Lalbie, Dept, of Civil Engineering and 
. Mechanical Engineering, Univ. of Vermont, 

■ Burlington, VT 05405; tel.: 802-656-3800.) 

1 (May 29, 1984.) 

\ June 19-21 Third lniernaiional Conference , 

I on Marine Simulation, Rotterdam, The Netn- 
J erlands. Sponsor: Maritime Research Iniutute 

J Netherlanda. (Secretariat MARSIM 84, do 

! Maritime Research Institute Nei^nands, r-^- 

I Box 1555, 3000 BN Rotterdam, The NeUier- 

I lands.) . 

June 20-22 Indiana Water Resources Ask* 1 ’ 

I atlon FlHh Annual Symposium, BloomlngW . 

I lnd. Sponsors; Indiana water Resources a»- 
| sociatlon, AGU, ASCE (Indiana Section). (K* 

, frey Marlin, U.S. Geological Survey, 8023 N. 

Guton Rd., Suite 201, Indianapolis, IN 4B2M1, 
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Nielsen, NWWA, 600 W. Wllaon Bridge R“ 
WnHliinirinn rtu aanax \ (Anri 24. I9B4.) 


i recasting in Western Water Rcsourco 
■gement, ScmiiL', Wash. Sponsors: AW RA 
AUU. (G. K. Million, I'ramkiil, Rc«mrcc 
ninu Assoc- 113 l.ynii St., Seattle, WA 


June 5, 1984 Eos 


June 23-30 Penrose Conference on Melanges 


of (he Appalachian Orogen, Newfoundland. 
Canada. Sponsor: GSA. t Dvcuna E. Loren/, 
Dept, of Earth Sciences, Memorial Univ. of 


Newfoundland, St. Johns. Newfoundland 
A IB 3X5 Canada.) (June 28. 1983.) 

June 24 TiUcrnMfcnul Conference on Gco- 
membranes, Denver, Cniu. (A. I. lulinsun. 
Woodward -Clyde Gunstilinnls, 7600 E. Or- 
chard Rd., Englewood, CO 801 1 1; id.: 303- 
094-2770.) 

June 24 International S\ni|>osiiim on Imper- 
meable Barriers for Soil and Rock, Denver, 
Colo- (A. I. Johnson, Waodward-Clydc Con- 
sultants, 7600 E. Orchard Rd- Englcwoud, 

CO 80111; tel.: 303-694-2770.) 

June 24-30 14th International Conference on 
Mathematical Geophysics, Loen, Norway. (L 
Tronnid. NTN F/nOkS A R, P.O. Box 51', N- 
2007 Kjcllcr, Norway; lelcx; 181-17 kein.) 

June 25—27 Technology Transfer Society 
NimJt Annua) Meeting and lniernaiional 
Symposium, Boston, Mass. (Margaret McNa- 
mara or lack Griffin, Naval Underwater Sys- 
tems Center, New Lundon, CT 06320; tel.: 
203-440-4590 or -4116.) 

June 25-27 Rack Mechanlca in Protection and 
Productivity, 23ih U.S. Symposium on Rock 
Mechanics, Evanston, 111. Sponsor ; AGU. 
(Charles H. Dowding, Dept, or Civil Enginccr- 

3 , Northwestern Univ., Evanston, IL 60201; 

; 312-492-7270.) (Sept. 13, 1983.) 

June 25-29 Gordon Research Conference on 
Environmental Sciences! Water Interfacial 
Processes, New Hampton, N. H. (Alexander 
M. Cmickshank, Director, Gordon Research 
Conferences, Univ. of Rhode Island, Kings- 
ton, R1 02881-0601; tel.: 401-783-401 1 or 
401-783-3372.) (April 17. 1984.) 

June 25-29 Gordon Research Conference on 
Research at High Pressure, Meriden, N. H. 
(Alexander M. Cruickshank, Director, Gordon 
Research Conferences, Univ. of Rhode Island, 
Kingston, RI 02881-0801; id.: 401-783-4011 
or 401-783-3372.) (April 17. 1984.) 

June 25-luly 7 1CSU Committee oo Space Re- 
search 2 5th Meeting, Graz, Austria. (Richard 
C. Han, Space Science Board, I H-828, Na- 
tional Academy of Sciences, 2101 Constitution 
Ave., N.W., Washington, DC 20418.) 

June 25 July 7 Symposium on Space Observa- 
tions for Climate Studies, Graz. Austria. 
Sponsor: World Climate Program. (S. Ruttcn- 
berg, Secretary, COSPAR Commission A, 
NCAR, Boulder, CO 80307.) (July 19. 1983.) 


June 26-28 Symposium of the Achievements 
of the International Manelospherlc Study, 
Gnz, Austria. Sponsor: 1CSU Scientific Com- 
mittee on Sola r-Tcrrc* trial Physics. (I . G. Rce- 
derer, Geophysical Institute, univ. of Alasiur, 
Fairbanks, AK 99701.) 

June 26-28 1984 International Conference on 
Ughlolng and Static Electricity, Orlando, 

Fla. Sponsors: NOAA. IEEE, SAE-AE4 Com- 
mittee. and several military and civilian air 
transportation agencies In the U.S. and UK. 
().J. Fisher, Conference Chairman, U.S. Na- 
vafAir Systems Command, P.O. Box 15036, 


Arlington, VA 22215; tel.: 202-692-7822; or 
G. Odant. EurujiCdii Cuordinator, Royal Air- 
craft Establishment, Karitborough, Hants, 
GUI4 5TD UK; tel.: 0252-24461. ext 2638 ) 
(Sept. 6, 1983) 

June 2G-28 Intcmutfaiul Stniunxium cut Deep 
Structure or the Continental Crust: Results 
from Reflection Seismology, Itlmca, N.Y. 
Sponsors: Cornell Univ. Instiluie for the 
Study of the Continents, AGU, GSA, IASPEI. 
International Lithosphere Program, SKG. 
iMuawia Barazangi, Conference Coordinator, 
pepi.ol Geological Sticm.es. Cornell Unit., 
hhaca. NY 14853: tel.: 607-230-64 1 1 or telex: 
937478.) 

June, 26-29 WRI-DOE Tar Sand Symposium, 
vril, Colo. Sponsors: Western Research insti- 
tute. U. S. Department of Energy. (1- C. Mar- 
chant. Western Rcsenrcli Instiluie. P.O. Box 
3395, University Station. Laramie, WY 82071; 
'ri-j 307-721-2203.) ((unc 5, 1984.) 

July 2-5 Symposium on the Physics n[ the 
oUgnetospliere- Ionosphere Connection, 

Graz, Austria. Sponsor: Crunniiitce on Space 
Rc»areh or ICSU. (E. R. Sclinicrlimz, EE-8, 
NASA Headquarters, Wasliiueton, DC 
20M6.)(Dcc“G, 1983.) 

J 11 }? Second Symposium on Plasma Dou- 
ole Uyere and Related Topici, Innsbruck, 
?_T«ru.(R. Sclirltiwicser, Inst, for ’I heureil- 
«‘Phvslcs, Univ. or Innsbruck, Sillgassc 8, A- 
W20 Innsbruck, Austria.) 

J u y B “13 Imcntaliunid Symposium tm Space 
techniques for Gcodynandcs, Sopnm, Hun- 
pty. Sponsors: iiuiignrinn Academy of Sci- 
“fCi and lACKCOSPAR Joint Go in mission on 
H) e mtcrnational Gtxntiltiailnn or .Sjmicc 
irt? *n ,t i uc * ^ or Gcorleay and Gcndyimmics. 
tuir. Rcigbcr, Deutsches Gcodfltischca Fors- 
cnungslnatiiut, Abu I, Manlnllplaiz H, 0-8000 
Munfch 22. FRG.) 

Juhr(k-j 3 Longitude Zero, Greenwich, UK. 
a S'bu!?' ln lcrnatiotiDl Union for the History 
"fa Philosophy of Science and the Intcrna- 
■ on *J Astronomical Union. (Conference Offi- 
Longitude Zero” Symposium, National 
ojjrimne Museum, Greenwich, London SEO 
V K -) JNov. 15, 1983.) 

The Case for Man II, Boulder, 
uoip. Sponsor: Mare Institute of the Planetary 
???*)■■ (Helen Hart, Laboratory for Atmo- 
opnerve and Space Physics, Univ. of Colorado, 
“oulder, CO M309; tel.: 303-492-8822; Carol 
Tom Meyer, Case for Mare, P.O. 
Boulder, CO 80306; id.: 303-494- 

, (Dec. 20, 1983.) 

J v-ii ^ an, l c Deconvolution Workihop, 
Sponsor: SEC. (Sven T reM, 
C'"°“, f Twli! c U'on Co., Research Center, P.O. 
Tiiln, OK 74102.) (Feb. 7, 1984.) 

J T,,U. , Symposium on Wave Breaking, 
‘Wbulcm Mlxfng, and Radio Probing or the 
n™" 1 Surface, Sendai, Japan. (O. M. Phillips, 
fdrth and Planetary Sciences, Johns 

SBSEJJ& Ba,limore ‘ MD 2I218: wL: 

«_ ^K^th W'orld Conference on 
Engineering, San Frandsco. 
Inuti*^ 1 "’ ^wihqudte Engineering Research 
u ^ enz ^ n - Earuiquake fji gin ee ring 
Miearch fnaujute, 2620 Telegraph Ave., 


VVai~?u ‘i?\ Ncwl °n 1 Mass. Sponsor: National 
(Aiul in Au °cia6on Technology Divislqn. 
dat^ V fe^V\ Nalion al Water Well Asso- 
ton!rvu 6 52ft« Wilson Bridge Rd., Worthing- 
ju^W. 43085; tel.: 614-849-9355.) 

Con iv,. Summer Computer Simulation 

for rv. rcnce ' ^° ,lon i Mass.. Sponsor: Society 
Scsr SP uler Simulation. (W. D. Wade. 1984 
Pr L nr?l rani Chairman, Wade Engineering 

jlffiai"-*"'' 11 ™ 

Uib.™ u J ^ Iniematiotiai Symposium on 
Cornet y dr ? lo *F. Hydraulics, andSedlrnem 
Ken ^ %. Sponsor: Univ. or 

Coiiil!f»^' * den i Coordinator, Office of 
TraSS Eduradon/Enrinecring. 223 
SS t m Bn ^“rch Bldg,, iTniv. of Keri- 
KY 4O506-DQ43; tel.: 606- . 

j«?S2?- , r ov - *?• 198S -> 

* 7 lniernaiional Symposium on Chal- 


Icngcs in African Hydrology and Water Re- 

s R Q,,inri: WHS, 

u ‘Zin'habwe Conference 

Board, P.O. R.-.x A5R5 Avondale. Harare. 
Zimbabwe; leL: 308222: telex- 4-283 ZW i 
July 24-afi Water Rlghi s“iaV( ”frr- 
cnee. Flagstaff Anz. Sponsun: Ground Water 
Gommiitee and Surface Water Committee of 
ine ASC.t Irrigaiion and Drainage Division. 
(Kenneth G. Rcnard. Southwest Watershed 
Research Center, 2000 E. Allen Rd Tulsoiv 
, « 85719; us|. : 602-629-6381) 

July 26-27 A Joint Workshop of the Commit- 
tec on Climatic Changes and the Ocean and 
the Jurat Scientific Committee for World Cli- 
maio Research Panel, Sendai. Japan. (O. M. 
Phillips, Dept. Earth and Planetary Sciences, 
Johns Hopkins Univ., Baltimore. MD 21218: 
tel.: 301-538-7036.) * 

July 29-3 1 Conference on Educalional Pre- 
requialtcs for Water Resources Management, 
Baton Rouge, La. Sponsor: Universities Coun- 
cil °.n Water Resources. (Yacuv Haimcs, 
Chairman, Systems Engineering Dept., Case 
Insututc of Tcchnoloa)-, Case Western Re- 
serve Uiuv., Cleveland, OH 41106: leL: 216- 
368-4492.) 

July SO- August 2 Seminar on Water Manage- 
ment Practice, Zaria, Nigeria. Sponsors: In- 
ternational Association for Hydraulic Re- 
search and UNESCO. (Gunnar Lindh, Dept, 
of Water Resources Engineering. Luud Insti- 
tute of Tech., Pack 725, S-220 ff7 Lund, Swe- 
den.) (Dec. 6, 1983.1 

July 30-Aiiguxi 3 Eurogeophysics Assembly, 
Louvain-l.vNeuve, Belgium, sponsor: Europe- 
an Geophysical Society. (G. M. Brown. Dept, 
of Physics, Univ. College of Wnlcs, Aberyst- 
wyth, Wales, UK.) (Dec. 20, 1983.) 

July 31-Aug. 2 Fourth International Sympo- 
sium on Stochastic Hydraulics, Univ. of Illi- 
nois, Urbana-Champaign. Sponsors; IAHR 
and AGU, (Ben C. Yen, Wilson H. Tang, or 
Glenn E. Stout. Dept, of Civil Eng.. Uiuv. of 
Illinois, 208 N. Routine St.. Urlxinn, IL 
61801: Id.: 217-333-0687 or 333-0536.) (Nov. 
8. 1983.) 

July 31 -August 3 Workshop on Fission Track 
Dating, Troy, N. Y. Sponsors: General Elec- 
tric R&D Lao., SUNY at Albany, and Rcnsse- 


tric R&D Lab., SUNY at Albany, and Rensse- 
laer Polytechnic Institute. (Donald S. Miller, 
Dept ot Geology, Rensselaer Polytechnic Insti- 
tute. Troy, NY 12181.) 


Aug. 4-14 27ih International Geological Con- 
gress, Moscow, USSR. Sponsors: USSR Na- 
tional Committee for Geology. IUGS. (Orga- 
nizing Committee of the 27m (GC. Insiimtc 
of the Lithosphere. 22. Staroniunctny, Mos- 
cow. 109180, USSR.) 


Aug. i>-9 Chapman Conference on the Magne- 
tospherlc Polar Cap, Fairbanks, Alaska. (Polar 
Cap Meeting, AGU, 2000 Florida Ave.. N.W., 


and Symposium. Washington, U. C. (Arlene 
Dietz, U.S. Aimy Corps of Engineers, Insti- 
tute for Water Resources, Cases Bids.. Fort 
Betvoir, VA 22060: lei.: 703 355 2368. i (Aug. 


Washington. DC 20009.) (Ian. 24. 1984 ) 

Aug. 12-17 20th Annual AWRA Conference 
and Svmpositim. Washington, D. C. (Arlene 
Dietz, U.S. Aims' Corps of Engineers, Insti- 
tute for Water Resources, Cases Bide.. Fort 
Betvoir, VA 22060: tel.: 703 355 2368. i (Aug. 
16, 1983.) 

Aug. 13-17 Gordon Research Conference on 
Chemical Oceanography, Meriden. N. Ii. 
Chairman: William Sackeli. (Alexander M. 
Cruickshank, Director. Gordon Research Urn* 
feierites. Univ. of Rlimlc Island. Kingrion. Kf 
1)2881-0801; id.: 401-7N.1-4HM.) 

Aug. 13-17 )2ilt lniernaiional Laser Radar 
Conference, Aix-en-l'rovcnce. France. Spon- 
sors: IAMAP and AMS. (t>. Mcuie or I.I 1 . 
Gratiicr, Service D’Aeronumic tin CNRS, 12th 
Internationiil Laser Radar Conference. BPS, 
9|:i70-Vtriic-if.s Ik Umsv.ti. ft. nice j !*■■■' *. 

1 983. i 

Aug. 14-17 Specially Conference on Water for 
Resource Development, Cocur d'Alene, Ida- 
ho. Sponsor: Hydraulics Division of ASCE. 
(Harry Tuvd. Anicrican Society of Civil Engi- 
neers.' 345 E. 47th St. New York, NY I0UI^- 
2398; tel.: 212-705-7494.) 

Aug. 15-17 Conference on Practical Applica- 
tions of Groundwater Models, Columbus, 
Ohio. Sponsors: National Water Well Associa- 
tion, Inter national Groundwater Modeling 
Center. (David Nielsen. Conference Coordina- 
tor, National Water Well Association, 500 
West Wilson Bridge Rd., Worthington, OH 
43085; id.: 614-846-9355.) 

Atm. 19-22 Pathways and Future Directions 
for Environmental Data and Information Ul- 
tra, Denver, Colo. Sponsor: NOAA. (SES, In- 
corporated. P.O. Box 2097, Springfield, VA 


22152.) (Itine 5. 1984.) 

Aug. 20-24 Gordon Research Conference on 
Organic Geochemistry, Plymouth, N. H. 
Chairman: Keith Kvcnvolden. (Alexander M. 
Cmickshank, Director, Gordon Research Con- 
ferences, Univ. of Rhode Island, Kingston. RI 
02881-0801; id.: 401-783-401 1.) 

Aug. 21-29 International Radiation Sympo- 
sium ‘84 (IRS), PerugiR. Italy. Sponsor: IA- 
MAP Radiation Commission. (Giorgio Fiocco, 
Chairman, IRS '84, Dipartintcnto di Fislca. 
Cilia Unlvenitaria, 00189 Rome. Italy; idex: 
1NFNRO 613255.) 

Aug. 22-26 Field Conference on Open System 
Behavior in Magmatic Bvolullon: Petrologi- 
cal, Gcodiemical, and Geophysical Con- 
stralnts, Taos, N. Mcx. Sponsor: 1 nsutute for 
the Study of Earth and Man. (Mike Dun van, 
Dept, of Geological Sciences, Southern Meth- 
odist Univ., Dallas, TX 75275; tel.: 214-692- 
2750.) (Jut. 17, 1984.) 

Aug. 26-29 Geothermal Resources Council 
1384 Annual Meeting. Reno, N ev. (Geotl ter 
mal Resources Couna), P.O. Box 1350. Davis, 
CA 95617; id.: 910-758-2360.) (Feb. 7, 1984.) 

Aug. 26-31 Seventh Australian Geological 
Convention, Sydney. Australia. Sponsor: Geo- 
logical Society or Australia. (Secretary 7 AGC. 
P.O. Box 383, North Ryde, NSW, Australia 
21 13.) (Nov. 29, 1983.) 

Aug. 27-31 Seventh IAHR Symposium on 
fee, Hamburg, Germany. (I- Schwarz, fee tn- 
gineerfng Div., Hamburgische SchlfRao-Vw- 
suchanstalt GmbH., P.O. Box 600 929, 2000 


Aug. 20-3 1 Symposium on the Physic* of 
Shallow Estuaries and Bays, Miami, Ha. 
Sponsors: ASCE Coastd ^.ccringlle- 
scarch Council, Rosensuel gsonli ofManne 
and Atmospheric Sacnce. ^ •yrics oT Sl.aUow 
Estuaries and Bays, do Division of Ocean En- 

Causeway, Miami, FL 33149; tel.: 305-361- 
SeptfS-T QuadrenniRl Oioi» 

Halkidiki, Gr«ce. Sponsors: iXwAp In^rna 


Chairman’, Local OrganbjV . 

■ Physics Dept., Campus Box 149, Univ. ol 
ThSsaloniCi, ThesialomkiGre^ W copy 
of information request to G^D- wishaw, sec- 
rttary, IOC. Clarendon Laboratory. Oxford 
■Univ . Parks Rd., Oxford. O^I BPU, UK.) ; 

Sept. 6-7 . Conference on Storm water and Wa- ■ 


Chapman Conference 
on Vertical Crustal Motion: 
Measurement and Modeling 

A Chapman Conference on Vertical Crustal Motion: Measurement 
and Modeling will be held October 22—26, 1984, in 
Harpers Ferry, West Vliginia. 

Convenor: William G. Strange 

This conference will bring together scientists who measure vertical crustal 
motions and those who analyze and model these motions with the primary 
objective of obtaining close interaction between the two groups. Emphasis 
will be on vertical crustal movement in North America. Questions to be 
add ressed wiiibe(l)whatarethe accuracies and error so u rces a ssocia ted with 
each data type? (2) What Is the extent of the current data base? (3) How 
accurately do we know vertical crustal motions in North America? (4) What 
are realistic expectations of contributions from space systems and other new 
technologies in the next decade? (5) What is the current status of modeling 
vertical crustal motions? (6) How important is vertical motion information to 
understanding and modeling earth dynamics? (7) What are the measurement 
requirements to support modeling and analysis in terms of temporal and 
spatial density and accuracy? (8) What are the most critical deficiencies of 
vertical motion data relative to modeling and analysis? 

There will be invited and contributed presentations. The Call far Papers 
was published in the March 20, 1984, issue of Bos, Abstract deadline is 
August 1, 1984. Abstracts should be submitted to the American Geophysical 
Union. 

For information on the required abstract format or further meeting 
logistics, contact: 


AGU Meeting Department 
2000 Florida Avenue, N.W. 
Washington, DC 20009 
(202) 462-6903 


For program Information contact: 
Dr. W. E. Strange 
NOAA/NOS/CNCS/NGS/N/CG 1 1 
6001 Executive Blvd. 
Rockville, MD 20852 
(301) 443-2520 



A Streetcar to Subduction 

and Other Plate Tectonic Trips by Public 
Transport in San Francisco 
(1984 revised edition) 

by Clyde Wahrhaftig 


76 pages 


softbound 


fully illustrated 


$7.50 


San F: v.v.isef.i nhould bring more to mind than just Fisherman's 
Wharf and cable cars. The San Francisco area Is an open laboratory for 
the non-scientist and scientist alike to see visible evidence that the 10 to 
12 tectonio plates which make up the earth's surface are on the move. 

Ciyde Wahrhaf tig’s A Streetcar to Subduction., written in clear, 
understandable language, explains the geologists' excitement and 
fasoination with the plate tectonio theory. Dr. Wahrhaftig leads you 
around the city of San Francisco on 7 separate and detailed geologic 
excursions. Using convenient local transportation, Wahrhaftig explains 
past geologic events and formations which are responsible for the rocky 
hills, precipitous cliffs, and rocky beaches in loaationa such as Fort 
Mason, Baker's Beaoh, Fort Point, and the Marin Headlands. 

A Streetcar to Subduotlon is not all solence. It is a boat trip to Angel 
Island. It is a unique tour of the city for native or visitor, describing the 
history, the architecture, and the geologic grandeur of this fascinating 
region. 


Write: American Geophysical Union 
2000 Florida Avenue, NW 
Washington, DC 20009 


accepted 


Call: 804-424-2488 

(202) 462-6903 (in DC area or 
outside contiguous USA) 

Wire: Western Union Telex 
710-822-9300 


Orders under $50 must be prepaid AGU members receive a 30% discount 


ter Quality Management Modeling, Hamil- 
ton, Ontario, Canada. (William James. Civil 
Engineering Department, McMastcr Universi- 
ty, Hamilton, Ontario, Canada, IAS 41.7.) 
(June 5, 1984.) 

Sept. 9-14 Penrose Conference on the Geo- 
chentlslry of the Environment Near a High- 
Level Nuclear Waste Repository, Mt. Hood, 


Orcg. Sponsors: Geological Society of Ameri- 
ca, Nuclear Regulatory Commission. (David 
Coles, Dandle Pacific Northwest laboratories, 


P.O. Box 999, Richland, WA 09352.) (May 15. 
1984.) 

Sept. 9-14 American Society of Photogram- 
metry/Amerlcan Congress on Surveying and 
Mapping Pall Technical Meeting, San Anto- 
nio. Tex. (Monica Miiatri, 1984 ASP-ACSM . 
Fall Contention, P. O. Box 8172, San Anto- 
nio. TX 78208.) 

SepL 10-12 Seventh Annual Madison Confer- 
ence of Applied Research on Municipal and 
, Industrial Waste, Madison, Wis. (Philip R. 
O'Leary, Dept, ol Engineering and Applied 
Science. Univ. qf Wisconrin-Extcnslon, 432 ' 
North Lake St., Madison, W1 53706; Id.: G0B- 
262-0493.) 

Sept. 10-12 Oceans 84 Conference and Exhi- 
bition, Washington, D. C. Sponsors: Marine 
Technology Society, AGU, and institute of 
Electrical and Electronics Englneers/Occank 
Engineering Society. (Oceans 8-1 Technical 
Program Committee, 1730 M St, N.W., Suite 
412. Washington, DC 20030.) (Nov: 29, 1983.) 

Sept. 10-14 fiiternnuonal Symposium on Hy- 
; drbmecbanlcal Balances pf Fresh Water Sys- 


tem*. Stocbholm/Uppsala, Sweden. Sponsors: 
Swedish Natural .Science Research Council, 
UNESCO, and IAIIS. (M. Fal ken mark, Exec, 
See. NFRS, Comm, for Hydrology, Box 6711, 
S-l 1385 Stockholm, Sweden.) 

Sept. 12-14 Seminar on Degradation, Reten- 
tion, and Dispersion of Pollutants In Ground- 
water, Copenhagen. Denmark. Sponsor: In- 
ternational Association on Water Pollution Re- 
search and Control. (Erik Arvin, Dept, of 
Environmental Engineering, Building I IfiC, 
Technical Univ. iri Denmark, DK-28Q0 
Lyngby. Denmark.) (Dec. IS, 1983.) . 

Sept. 20-21 International Symposium on En- 
vironmental Pollution, Site lb Dc 'An- 
nounced. (V. M. Rhatnagcr, Box 1779, Corn- 
wall, Ontario K6I1 5V7, (bnada.) 

Sept. 24-25 Seminar: Enhanced Biological 
Removal of Phosphorus From Wastewater, 
Paris. France. Sponsor: International Associa- 
tion on Water Pollution Research and Con- 
trol. (Michel Florentz, Phosphorus Seininnr, 
Anjou -Recherche, 52, Rue □' Anjou, 75384 
Pans Cede* 08, France; Tel.: 206-91-50; tel- 
ex: Gcneaux 2o0 332 F.) (Sept. 8, 1983.) 

Sept. 24-26 International Water Well Exposi- 
tion, Las Vegas, Nev, Sponsor: National Wa- , 
ter Well Association. (National Water Well As- 
sociation. 500 W. Wilson Bridge Rd., Wor- 
thington, OH 43085; Id.: 6 M -846-9355.) 

Sep). 24-28 SLEADS (Sail Lakes, Evapontcs, 
Aeolian Deposits) Workshop on Cenosolc Salt 
Lakeland Arid Zone Hydrology, Ceochemis-- 

■ Meetings front, on p. 388) . 
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try, Stratigraphy. and Palca-enmonnwim, 
ftfalliaura, New South Waltt. AiiMtjIu. Spon- 
sor: the Australia!) National Univ. M. M. 

Bowler, Item. of Biogeonniphy and liemnur- 

K halnay. Research Seliwil o! Pacific Studies, 
u straiten National llniv., (IPO Box 4, <-an- 
berr.i 2601, Australia.! (March 27, l'JM > 

Sept 26-28 Seventh National Groundwater 
Quality Symposium. lai Vegas. Nev. Spon- 
sor. National Water Well Aswialion. 

(NWWA, 500 W. Wilson Bridge Rtl., Wnr- 
il.lnR.on: OH 43065; tel.; 614-846-035!!.) 

Sent. 20-29 Symposium on the Quaternary or 
Virginia, Chari nit c iv ille, Va. Spun mr; Virgin- 
ia Division of Mineral Resources. (S. O. Bird. 
Virginia Division of Mineral Resource*. Bux 
3667. Chariot teivi lie, VA 22003; tel : *M4V9- 

Sept. 28-20 Tectonic Geoniorphu!ogy--I5ih 
Annual Geomorphology Symposium, Btng- 
hanuon, N.Y. Organiser*: Mane Mornawa 
and John Hack, tftlaric Moruawa. Dept, or 
Geological Sciences. SUNY, Binghamton. Nl 
13961: id.: 607-79R-20I5.) . 

Oct. 1-5 International Symposium on Keren t 
Investigations in the Zone of Aeration. Mu- 
nich. FRli. Sponsor: Technical IFttiv. of Mu- 
nich. <P- Udltifl. RIZA Symposium, Institui 
filr Wasserclteniic tier TU SlOnchcn, Mar* 
cliionlnislr. 17, D-8000 Munich 70. FRG.) 

(Dec. 20. 1983.) , , , , „ . 

Oct. 1-6 European Seismologicnl Coraml*- 
■lon, Moscow. (Organizing Committee. ESC, 
Soviet GeopliysicarConinutwe, Molorteihnoya 
3. 1 17 296 Moscow, USSR.) 

Oct. 3-5 1984 Arctic Science Conference 
(35th Alaska Science Conference}, Anchorage. 
Alaska. Sponsor: A A AS Arctic Division. U°« n 
Davies, P.O. Box 80271, Fairbanks, AK 
99708; id.; 907-174-7371.) (May 1, 198-1.) 

Qci. 3-5 Symposium nn Meteorology and 
Oceanography of Northern High Latitude*, 
Anchorage, Al,iska. Sponsors: American Me- 
tconiloglcal Society and A, \AS. (htiiatl Bigler. 
National Weather Scrvne. 701 St . P O/llox 

23. Anchorage. AK 99513.) (Mare)i 0. 1981.) 
tkt. 8- 111 [Kill Annual Association of Earth 
Science Editors Conference, l\iiil<tral, ()rcg. 
(AsiiKtalion of Earth Science htliims. -1-20 
King St.. Alexandria, VA 22302.) 

Oct. K-l 1 World Conference on Remote Sens- 
ing, Bum-util, FRIS. S]miisor»: Univ. of Bay 
i-cutli, Texas Christian Univ. (.enter for Re 
mote Sensing and Energy Research, and in- 
ternational Suriciv uf I mdculnaital and 
Environmental Chemist*. (Ix<» W. Ncwland, 
Direr tor, Knvintnniciil Sciences PxoaTjim, 
Texas Christian Univ.. lore Worth. I X 
76129. tel.: 817-921-7271.) (Feb. 7. 19H4.I 
Oct. 9-12 I Bill Annual Meeting or the Dlvl- 
lion for Planetary Sciences of Ihe American 
Aftlrononilcal Soclfiy* KdiUiii-Kunj. IUwuii. 
Sponsors: the Hawaii Insiiiuie ol Geophysics 
and the I ml it me for Astronomy of die Univ. 
uf Hawaii, i lorn Mct uid. Planciarv t.cosu- 
enccs Division. Hawaii Institute nf Geophysics, 
Univ. ol Hawaii, 2525 Currca Road. Honolu- 


lu. 1 II 96822 .) (April 21. 1984 .) 
ki. 19-12 Seismological Society of Amerl 
Eastern Section 36lh Annual Meeting, St. 


Louis, Mo (Roller l B. Herrmann. Dept, of 
Earth and Aiiuusplicric Sciences. St. Louis 
Univ.. PO. Box WWU, Si. Louis. MU i*315b; 


iel.:SI4-6j8-3l20.» 

Oci. 10-13 New Mexico Geological Society 
35th Animal Field Conference. Taos, N. Hex. 
(R. Ridker. Genera! Chairman, I <»s Alamos 


Njiiiui.il I-aJmr.iinrv. Mail Slop DU* 1 , Knrih 
and Spue Science* Uiv., Los Alamos, NM 
87B15.) (Nov. 1. 1989.) , , . 


to ^u¥s! ssaga i*. 

dcr. CO 89301: id.: 303-447-2020.) 

Nov. 8-0 Illlnola Uke and Waterahed Man 

um Lik Managenleni l&J 

Water Resources Center, Univ. of Illinois at 
Kna“S!np,i.n SS3J HvJro,™™, Lab- 
oratory. 208 North Romine St.. Urbana. il 
61801 ; id.; 217-333-0536.) 

Resources. (Engincenng f«uulam W E. 
■17ih Si.. New York, NY 10017; Mi: 2IZ-7U3 
7835 ) 

Nov. 12-17 Water for South Africa, Johannes- 
burg, South Africa. Sponsors: Nauonal Watcr 
Well Association and the ? ar ^ 0,e J V u^L^f . 
social ion of Southern Africa. I^ M Nid 
sen, Conference C^rdiraWr, NOTVA, 500 
W. Wilson Bridge Rd., Worihinglon, OH 
43085; id.: 614-846-9355.) (Dec. 13, 1983 J 
Nov. IS Conference on Water Rcuieand De- 
stination Johannesburg, South Africa. Spon- 
sor: Natiohal Water Wcfl Association. (Pat Al- 
corn. NWWA. 500 W. Wilson Bridge Rd.. 
Worthington, OH 43085; id.: 614-846-9355.) 

Nov. ,a /s-?5 ^Ophlolites Through Time. Nancy- 
France. (Jacqueline Desmons, Universtte de 
Nancy I. Facultd des Sciences. Uboraloire de 
P^irologie, B.P, no. 239, F-B4506 Van- 
dncuvre lts-Nancy Cede*. France.) 

Nov. 26-30 WMO Technical Conference on 


Oct. 13-16 Conference on the Origin or the 
Moon, Kona, Hawaii. Sponsor*: Lunar and 
Planetars Insiiiuie. Division for Planetars Sci- 
ences of the American Astronomical Society. 

(Pam (ones. Lunar and Planetars Institute, 

3303 NASA Road I, Houston. TX 77058.) 

Otl. 15-17 First Multidisciplinary Conference 
on Sinkholes, Orlando. Fla. Sponsors: Florida 
Sinkhole Research Insiiiuie. University of _ 
Central Florid j. (Barn- Beck. Director. Flan- 
da Sinkhole Research Institute. College or F.n- 
ffinccrintZi Univ. of Ccmral Florida, Orliinuo, 

FL 32816. tel.: 305-275-2043.) 

Oct. 15-21 1GC.P Project 198: Evolution of the 
Northern Margin ofTethva, Bratislava, 
Czechoslovakia. Sjwniur: lntei national Geo- 
logical Corrclaiinn Programme. (Alan Nairn. 
ESRI, Univ. of Souih Carolina, Columbia. SC 
29208.1 

Oct. 16-18 Statistic* Symposium on National 
Energy Issues* Seattle, Wash. (Robert Kinm- 
son. Statistics Section. Pacific Northwest La bo- 
ra ton, P.O. Box 999, Richland. WA 99352.) 

Oct. 16^-19 International Symposium on Lake 
and Watershed Management! Local Involve- 
ment, McAfee. N.J. Spon*«r; North American 
Lake Management Society. (Harry Gibbons, 

Jr.. Dept. oT Civil and Environmental Engi- 
neering, Washington State Univ.. Sloan nail 
141, Pullman. WA 991&4-2912.) (March 6. 
1084.) 

Oct. 17-19 AiPG Annual Meeting. Orlando. 

Fla. (Bobby J. Timmons. General Chairman. 
Timmons Associates, P.O. Box 506W). Jack- 
sonville, FL 32230; lei : 904-246.4533.) 

Oct. 17-19 CRREI/ARO Workshop on the In- 
teraction of Radar with the Seasonal Snow 
Cover, Cold Regions Research and Engineer- 
ing Laboratory.^ Hanuver, N. H. Sponsors: 
CRREL. AGU Hydrology Seclinn. (S. C. C.ol- 
beck. i:RREL, 72 Lyme Road. Hanover. Ml 
03755.) . „ , . 

Oct. 22-26 Chapman Conference on Vertical 
Cruiul Motloni Meavtircmeni and Mndeling. 
Hat per* Feriv, \V. Va. Sponsor: AGU. I Verti- 
cal Motion Meeting. ACI>, 2HH0 Honda Ave.. 
NAY.. Washington. IK: 20909; telephone 2IK2- 
462-6993 «>r udl-fiee K(K)-l2l-2;l8ff.) 

<kl. 28-39 ITflk* Underwater Mining Institute, 
Madison. Wis. (J. Robert Moore. Ptugrain 
Choitman. Urns, uf Texas at Austin. Marine 
Sticmc Insiiiuie. 2W) East 26 92 St., Austin. 
TX 78703; tel.: 512-171-4816.: 
tki. 29-30 Cun foe me on Methods For Evalu- 
ation of Groundwater Contamination Site*, 
East Liming. Midi. Sjwinsjus: Midiigan Uept. 
of Natural Resnurin. Michigan Stale Univ., 
USGS. (Dav id lliiniiiiun. Michigan Dept, ul 
Naiiit.iI Rcauincci. Sic vein T. Mamti Builil- 
iiie. Bux 39(128, Undue . Ml 18918).) _ 

Oct ^Q-Nov. 3 Symposium un Relaiiimsliips 
Between Climate of China and Global Cli- 
mate— Past, Prevent, mid Future, Peking. Cht- 
tu. Sponsors: Academia Sink a, Inter national 
Association of Meteorology and Amuuphcnc 
Phnirs (1AMAP). American Meteorological 
Society- (Jih-Pinu Chao, Institute of Atmo- 
iphcric Pnv sics, Acadcmin Slmca. Beijing. Lhi- 
iu.) (March 27, 1984.) ... 

Oct. 31 -Nov- 7 Regional Assembly- or IA- 
SPEI, Hyderabad. India- (Mohan L. Gupta, 
Organizing Committee. I A SPEI Regional As- 
tembiy, National Geophysical Research Insti- 
tute. Hydernbjd-500 W)7, India) telex: IM- 
478 NCR I IN; cable; Geophysics.) (Aug. 23. 

igua i 

Nov. Mexican Geophysical Union Annual 
Meeting, La Pa*. Baja California Sur, Mexico. 
(Union • bdofisira Mmdcana, A.C.. Comite Or- 


ration. World Health Organization, ii.k. 

Okc. do World Climate Program Dept.. 

World Meteorological Organization, 4 . Giu- 
seppc-Motta, Case iwsialc Nn. 5. Cri-l-t 1 1 
Geneva 20. Switzerland.) 

Nov. 26-30 Symposium on the Scientific Raau 
fur Nuclear Wnale Management, BihIoii. 

Mass. Sponsor: Materials Research Society. 

(joint Stone. E. I. du Pom dc Nemours and 
Co,, Savannah River Laboratory, Aiken. hC 
29808.) (May 8. 1984.) _ 

Nov. 27-30 Thirtieth Annual Conference on 
Mainetism and Magnetic Materials, San Dic- 
go.Galif. Sponsors: American liutilute of 
Physics, Magnetics Soticty of IEEE. (John 
Scou, American Institute of Physics, 335 East 
45th Si., New York. NY 10017.) (June 5, 

1984.) . , 

Dec. 3-7 AGU Fall Meeting, San Francisco. 
(Meetings. AGU. 2000 Florida Ave.. N.W., 
Washington, DC. 20009.) ^ 

Dec. 16—21 International Chemical Congress 
of Pacific Basin Six ic lies. Honolulu, Hawaii. 
Sponsors: ACS, Chemical Institute of Canada, 
and Chemical Society of Japan. (PAG Cl l EM 
'84. Meetings and Divisional Adiviucs Dept- 
ACS. 1 155 lGlh St., N.W., Washington. DC. 
20036; lul.: 202-872-4390; PAG CHF.M '84, 
Chemical Insiiiuie ol Canada, 151 Slater St., 
Suite 900. Ottawa, Ontario KIP 5H3.Cannda; 
tel.: 613-233-5623; PAC CHEM '84, Chemical 
Society af Japan. 1-5. Kanda-Siinigadai. 
Chivoda-ku. Tnkvu HU. Japan; tel.: 03-292- 
6161.) tSepi. 13. 1983.) . 

Dec. 28-31 Fourth Incoiriaiional Conlercnce 
un Applied Numerical Modeling, Taman, 
Taiwan. (S. V. Waog. Scliool of Enginceiing. 
Univ. of Mississippi, University. MS 38677; 
tel.: 601-232-72 (9.) 

1985 

lan. 7-12 17th International Congress on Hy- 
drogeology of Rocks of Low Permeability, 
Tucson, Xriz. Sponsors: International Associa- 
tion of Hydrageologisis, AGU. (E. S. Simpson, 
Dept, of Hydrology and Water Resources. 
College of Engineering. Univ. or Arizona, 
Tucson. AZ 85721.) 

Feb. 21-22 Sixteenth Annual Conference on 
Erosion Control Practices and Research, San 
Francisco. Sponsor International Erosion 
Control Association. (Gerry Hester, Program 
Committee Chairman. International Erosion 
Control Association, Inc., P.O. Box 807, Free- 
dom, CA 95019.) (May 29, 1984.1 
March 10-15 American Society of Pholograra- 


D. C. (Willard A. Kuncis, 4415 Jensen PL, 
Fairfax. VA 22032: tel.: 703-425-8790.) 

March 11-15 Sixteenth Lunar and Planetary 
Science Conference, Houston. Tex. Sponsors: 
Lunar and Planetary Institute, AGU, NASA 
Johnson Space Center, Division far Planetary 
Science of the American Geological Society or 
America. Meteoritiral Society. (Pamela Jones, 
Conference Administrator, Lunar and Plane- 
tary Insiiiuie, 3303 NASA Rood 1. Houston, 
TX 77058; tci.: 713-486-2150.) 

April l—l European Union of Geosciencea Bi- 


Jones, President. R«?. urc Vn°i 
YO Box a F« rt Col!,nl ' LO 80fi22 ' 1 t Y ' 

don Principal Cede*. France Telex. .00 59U 
CNET OBb.) (Aug- 9. 1983.) ... 

i unc 4-7 International Conference on Mafic 
J Dvke Swanna, Mississauga- Ontano. Spon- 
sored IUCS Commission on Tectonics, Lhe ln- 


sissauga.untano, 

Iune 8 9 -I 5 S,I IWRA Fifth World Congress, Bros- 

Ss.sS's-: 

32 “^8-60; telex: 23-643.) ftug- 30, 

1983 ) 

ssk& zsksstt 

aechoriorakia.) , u i 

tune 26-28 UA Symposium on Rock Me- 
j chanlcs. Rapid City. S- Dak. Sponsor. South 
Dakota School of Mines T«hnology- jTi i- 

(een Ashworth. Chairman, 26th US. ■Sympo- 
sium on Rock Mechanics. Dept, or Mining En- 
mneering. South Dakota School of Mutes and 
¥cchno%. Rapid City. SD 57701-3995; teL: 
605-394 -2344 ■ ) 

|uly 8-10 International Hydrology Sympo- 
J alum, Fort Collins. Colorado. Sponsors: AGU 
Hydrology Section, International Association 
of Hydrological Sciences, ASCE, IWRA, 

IAHR. (H. W. Shen, Dept, of Civil Engineer- 
ing, Hydrology and Water Resources Pro- 
uram, Foothills Campus, Colorado State Uni- 
versity, Fori Collins, CO 80523.) 

July 29-Aua. 9 Tsunami 85: International 
J Taunami Symposium uf the IUGG Tsunami 
Cummiuion, Victoria. Canada. (Tsunami 85, 

P.O. Box 2267, Sidney. B.C., Canada V8L 
3S8; Id.: 604-656-8343.) 

August International Workshop on Hydrolog- 
ic Applications of Space Technology! Input 
to Hydrologic Models and Geography Infor- 
mation Systems, Florida. Sponsors: IAHS, 

WMO. (A. Ivan Johnson. President, lAHa In- 
ternational Committee on Remote Sensing 
and Daia Transmission, 7474 Upham Court, 
Arvada, CO 80003.1 ^ , . 

Aug. 5-lfl. 1985 1AM AP/IAPSO Joint Scien- 
tific Assembly on the Large Scale Circulation! 
oF the Oceana and Atmosphere and their In- 
teractions, Honolulu, Hawaii. Sponsors: IA- 
MAP, IAPSO, AGU. (AGU. 20M Honda Ave. 
NW, Washington, DC 20009.) 

Aug. 5-17 Symposium on Magnetic Anoma- 
lies over the Margins of Continents and 
Plates, Prague, Czechoslovakia. Sponsor, ln- 
icrnaiionaf Association of Geomagnetism and 
Aeronomy. (William J. Hlnze. Dept, or Geosci- 
ences, Purdue Univ., West Lafayette, IN 
47907; id.: 317-494-5982.) (Feb. 7, 1984.) 

Aug. 1 1-15 2 1 si Annual AWRA Conference 
on Water Demand: Sharing a Limited Re- 
source and Symposium on Groundwater 
Contamination and Reclamation, Tucson. 

Aril. Sponsor: AWRA. (Nathan Burns. Dept, 
of NvilPikvt and Water Rcsnurces. Universi- 
ty of Arizona, Tucson, AZ 85721.1 _ 

Aug. 19-23 Sixth Gondwana Symposium, Lo- 
lumhus. Ohio. Sponsor, GSA. (D. Elliot, Ohio 
State Univ., Institute of Polar Studies, 103 
Mendenhall, 12a South Oval Mall, Columbus, 
OH 43210.) 

Aug. 19-24 Fourth Chilean Geological Con- 
gress, Antofagasta, Chile. Sponsor: Dept, of 
Geosciences, Univenidad del None. (Organiz- 
ing Committee, Fourth Chilean Geological 
Congress, Department of Geosciences, Uni- 
verndad del Norte, Casilla (Box) 1280, Anto- 
fagasta. Chile; tel.: 222040-205.) 


tarv-General uf flic 23rd General Assembly of 
lASPEl. do Inter Group Corp.. Akasakn va- 
makauu Bldg., 8-5-32, Akasaka. Mlnato-kti, 
Tokyo 107, Japan; tel.; Tokyo (t)3) 479-5311.) 

Aug. 26-30 International Symposium on Geo- 
thermal Energy, Kaiitia-Kona, Hawaii. Spon- 
sor: Geothermal Resources Council. (Geother- 
mal Resources Council, P. O. Box 1350. Davis, 
CA 95617: Id.: 916-758-2360.) 

September International Symposium on Varia- 
tional Methods In Geosciences, Norman, 
Okla. Sponsors: Cooperative Insiiiuie far Mc- 


OK 73019.) 

Sept. 16-21 SymjmsU oil Potasslc Votcanism 
and Etna Volcano, Catania, Italy. Sponsor: 

IAVC.F.1. ((!. From-tu and G. lanzafame, ls- 
liium Iiiieriiazinii.ile di Vnk.iiiuliigij, V.Ie R. 
Marghcriu. 6. CaUaiiia. Italy.) (Dec. 27, 1983.) 

Sept. 17-21 AIPG Aniuial Meeting, St. Paul, 

Minn. (Ruben K. 1'renderg.ist. General Chair- 
man, Gcowchnkdl Engineering Corp., 1925 
Oakcrcst Ave., Ruscviue, MN 55113; tel.: 612- 
636-7744.) 

Oct. 9-10 International Symposium on Man- 
agement of Hazardoua Chemical Waste Sites, 
Winston-Salem, N. C. Spunsurs: International 
Association of Engineering Geology U. S. Na- 
tional Committee, AssnriaiuKi of Engineering 
Geologists. (Norman Tiltord, Dept, of Geolo- 
hv, Texas A St M Univ., College Station, TX 
77843-31 15; id.: I09-8 I5-1HHH.) 

On. 21-25 Inter national Coufcicncc on Arid 
Lands: Today and Tomorrrow, Tucson, Ariz. 
Sponsors: UNESCO, Univ. ttf Arizona. (G. P. 
Nublian, Oflicc of Arid 1-mtl Studies, Univ. 
of Arizona, T'ttesiHi. AZ 85721.) 

Oct. 28-31 Geological Society of America 
1985 Annual Meeting, Orlando, Fla. (Sue 
Beans, Meetings Manager, GSA, P.O. Box 
9llo. Boulder? CO 80301; tel.: 303-447- 
2020.) 

S Dec. 9-13 AGU Fall Meeting, Sail Francisco. 
(Meetings, AGU, 2000 Florida Ave., N.W., 
Washington, DC 20009.) 

1986 

January Symposium on Geotechnical Applica- 
tions of Remote Sensing and Remote Data 
Transmission. New Orleans. La. Sponsor: 
American Society fur resting and Materials. 

(A. Ivan Johnson, Woodtvard-Clvde Consul- 
tants, Harlequin Plaza-Northl, 7600 E. Or- 
chard Road, Englewood, CO 801 II; teL: 303- 
425-5610.) 

April 2 1-24 International Symposium on En- 
vironmental Geotechnology, Allentown, Pa. 

(H. Y. Fang, Symposium Chairman, Geotech- 
nical Engineering Division. Dept, of Civil En- 
gineering. Lchign Univ. No. la, Bethlehem, 

PA 180 15.) . , , _ . 

May 18-21 International Symposium on Flood 
Frequency and Risk Analyses, Baton Rouge, 

La. (Vijay Singh. Louisiana State Univ., Dept- 
of Civil Engineering, Baton Rouge. LA 
70803-6405; tel.: 504-388-0097.) 
lune, 1986 Conference tin Study and Mltiga- 
Hon of Hazards, San Martin. Sponsor: Tsuna- 
mi Society. (Hazards Conference, , BoxJ W536. 

Las Vegas. NV 89160.) (January 3. 1984.) 

Sept. 7-12 Second International Conference 
on Paleocconography, Woods Hole, Mass. in. 

A. Bcrggrcn, Dept, of Geology and Geopnyt- 
ics, W’uods Hole Oceanographic lnsmution. 
Woods Hole. MA 02543^ 

A A AS American Association fur the Advancement 
of Science , , _ r , , l r 

AAPG Aincriraii Associatnm «f lVtiokum Geoio- 

A& American Chriiikal Si iciety . . 

AIPG American Inslillile ol Pr.ilwsmiial (■ciJ'oga" 
AMS Amrriian Mciiurol-iuiial Society 
ASCF. American Society of Civil FiiRtnecri 
AWRA American Water Resources Assnaauon 
GSA (’-filing ir al Society ol America 
1AG liucmalxxial Association nl LteutlMV 
1AGA International Asmx latum of Geomagnetism 
and Acnummy . . . ,, , 

IAHR hucnuiioiKil Assouauoii t«r Hydraulic i« 

I AHShiter national Association «*f Hydrological So 
onccs i 

IAMAP Intertiaiioiial As»autiimi of Meteorology 
and At must dime Physics _ . nhnical 

IAPSO Inlet iiaiiunal Assnuatinn for the Fn) 
Sciences of the tke.ui . . a nm , and 

lASPEl IiiicniiUkuul Assoc taium of Scisinotog) 
Physics or the Earth's Interior . iw>!mv 
IAVGE 1 Inicriiaiiomd Assoc lalHui uf VokaMW 
and Chemistry ol the Kanh's liitcrior 
ICSU lnicination.il (kmiiul »|!,^^ ,lk . 1 l u ifi2- 
1UC-G liiu-rnadntial Union «»r Geodesy ami t 

Ilfemmiiiliniw) Union cif (kukiffca> Sc iew« 
IWRA liiiernaiional Water Resumrccs Aisoaa 
MSA Miiu-ralouUui Scxiciy «>f America 
SEG Hoi iety ol Exploration Grnphyy^ 11 ^ Mm- 

SF.PM Scar iety of laoiminie Palrontotogbu an 

URSI interuulknuil Utiltm ofRadiiiSucnw 
WMO World Melvin oh igkral < )rRiiniznUon __ 



3F.Q. UK.) 

April 9-1 1 Fifrh Annual From Range Branch 
Hydrology Days, Fart Cullins, Colo. (H. J. 
Mnrel-Sevtoux, Dept, of Civil Engineering, 
Colorado State Univ., Fori Collins, CO 80523; 
tel.: 303-19 1 -5448 or 8549.) 

Apid 14-19 GSA Penrose Conference on Gco- 
motphic and Siraiiaraphlc Indkators of Neo- 
gene-Quaiernary Climatic Change in Arid 
and Scmiarirt Ensinmmcnts, Lake Havasu 
City. Ariz- (ainicners: Juhn Dnhrenwcnd, 
USGS; Steve Wells anti Les McFadrfen, Univ. 
of New Mexico, (luhn Dnhrcnwcml, U. S. 
Geological Survey, MS 9-11, 345 Middle field 
Rd.. Menlo Park. CA 94028.) 

April 15-19 First Internailonal Symposium on 
Preclie PosllionluB with the Global Position- 
ing System, Rockville, MU. Sponsors: 1AG, 
IUGG. Defense Manning Agency, NOAA. 
(Pinnioniiig with GPh- 1985, while Hint Mall. 
Pott Office Box 2093. Kensington, MD 
20895.) 

April 21-26 Third International Symposium 
on the North American Vertical Datum, 
Rockville, Md. Sponsors: IAG. NOAA, Na- 
tional Geodetic Survey. (Gary M. Young, Asst. 
Ditcctnr. NAVU Symposium 85, While rlint 
Moll, P. O. Box 2063, Kensington. MD 20895; 
tel.: 301-443-8567.) 

April 28-May 1 International Conference on 
Arctic Water Pollution Research) Applica- 
tions or Science and Technology, Yellowknife, 
Nuithwcsl Territories. Canada. Organizer; 

. Canadian National Committee, International 
Association on Water Pollution Research and 
Control, (K. Churbanrtfail. National Research 
Council of Canada, Montreal Rtad Labora- 
tories, Oilowa KIA ORB, Canada; tel.: 613- 
993-9009.) . 


Membership 

Applications 

Received 

Applications Tor membership have been re- 
ceived from the following individuals. The 
letter after the name denotes the proposed 
primary section affiliation. 

Regular Members 

Charles Andrews (H), Joanne Bourgeois 
(O), Eric L. Butler (O), Georgina Cantoni (T), 
George H. Carlson (H), Philip Carrion (S), 
Robert A. Casde (G), Simon W. Chang (A), 
Mohammed El-Sabh (O), Steven Emerson 
(O). 

Judy Fiersiein (V), Leslie Gesell (A), David 
L Glackin (A), Denise Graves (A), Martin I. 
Hoffert (A), John Kanellopoulos (A), Jayne F. 
Knott (H), Nels R, Larson (A), Dong Soa Lee 
(O), Julian Marsh (V), Eric Medlin (T), Anne 
Meltzer (T). 

Nitzan Rahinowitz (S), Young-Jae Ro (O), 
Jose M, Rodriguez (SA), AsbUry H. Sallenger 
(0), Envtn Scheibner (T), C. P. Scofield (S), ' 
James V. Scrivner (V), Ami Snorrason (H), ' ' 
Robert Slerrett (H); i . • • . ; •=. 

(V) * Rul 8 cr WabUtrpm ;• 
■ & P I i 11,llp A * Walen (S). John R. Wiesenfeld, 
W, Dan Wtpske (SM), A. Michelle Wood (O), 

: P.Janc Wynne (Gp), Richard Yuretich (H). ; 


Student Status 

John Baker (A), Wayne A- 
Tom A. Brikowski (V), Dairy 
Ttanqing Cao (S). Md 1 Chasoii i Hh ^ S.j ; 
shun Chen (T), Steve Chtpera ( )« 

C °PhSip H. De Groot (H), Ron n EI J i Vw G^ 
iaK.FSK(V).M a rkFrj«(H^ v ^ ; 
er (S), Scou Hammond (A). Vicki ^ 
(V), Siamak Hassanzadeh 
man (H). Ching-Hui Hsu (O). (H) , - 

Erik Jackson (S), Robert B- Jacoo ^ 
Joshua L. Jenkins (H), Bradley ■ J 
Felicia J. Kegel (T), Kelly L. Kentsop 

EirikJ. Krogstad. . , A), fti* 

Jung Mo Lee (T), David A. Us 1 ^ '^ . 

Luborsky (H). Calum MacDonald (5^ ^ 
Madin (T), Stephen R. Maieskon t ^ 

McGloy (O), Richard McKinney ^ , 

Meese (A), James F. Milne (S)« 

Mitchell (O). .! i_: • . Upierl 00 

Carlos E. Nunez (S) t M . ** ■ 

(H). Bernard Pis^chick Cn, Wfl #< . . , 
ers (S), Caro! J. Ptacek (H). I J®«. Su phen 
Reeves (H). Jeffrey 

Ridley (T). ScoU D- Sachs (U f Robcrl Sir^ 
tena (H), Thomas Starirort (V)i SllU0 D 
. (HVArnon Sugar (T), S ToO*«{J : •: 
. Margaret A. Thomas (V). {* (0)^, 

(H), Vanessa Wolbe"^. 

. Mark Thomas Winter Cn.P,B. w . . . 

. Robert YonOver (V). ‘ >• . • , 
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Aeronomy 

0460 Tides waves and winds 

THERMOSPHERIC CIRCULATION TEMPERATURE AND COMPOSITIONAL 
STRUCTURE OF THE SOUTHERN HEMISPHERE DURING OCTOBER- 
NOVEMSLR 1981 . 

R, G. Rob I s {National Canter for Atmospheric Research , 
Boulder, Colorado B0307), B. A. Emery, R. E. Dickinson, 

E. C. Rtdlay, T. L. Killeen, P. B. Hays, &. R. Csrfgnan 
and N. V. Spencer 

Thermospheric temperature, composition and winds at 
E-reglon heights over the Southern Kan I sphere polar cap 
have been aeasurad by the Dynamics Explorer (DE-2) 
satellite during October-Novenber 1961 . Perigee of the 
DE-2 satellite during this period was over the Southern 
Hemisphere polar cap, and measurements made along 
0900-2100 local time polar passes are used to determine 
the average Universal Time dependence of thermospheric 
properties for this local tlma slice. The F-regton wind 
vector Is derived from the meridional wind cooponant 
neasured by the Fsbry-Perot Interferometer (FPI) and the 
zona) wind component measured by the wind end tempera- 
ture apictrmeter (RATS) InstriMnts on board DE-2. 

The neutral gas tanperature Is derived from FPI and VATS 
measurmafiti, and the compositional structure is deter- 
mined from the neutral atmosphere composition spectro- 
netar (HACS) Instrument. The measured temperature, 
conpositton and winds along the 0300-2100 local time 
polar pities all display a Universal Time dependence 
that It due to the displacement ba tween geomagnetic and 
geographic poles. The temperature and molecular nitrogen 
densities ere enhanced and the atomic oxygen density is 
racbeed in the magnetic paler cep compered to lower- 
latitude regions. The neutral wind pattern follows the 
pattern of ion drift associated with magnetospherlc 
convection. 

The WAR tharmospherlc general circulation model 
(TfiCHj Is used to calculate Che temperature, composition 
and Minds over the Southern Hemisphere polar cap region 
for conditions similar to October 1981. The TGCM 
Includes separated geographic end geomagnetic poles. 

The temperature, composition and Minds are determined 
along the DE-2 satellite track for various Universal 
fines. The calculated winds are in general agreement 
with tne observed Hinds, with both having a two-cell 
pattern of magnetospherlc convection. The calculated 
and observed composition patterns are also in general 
agreement with predictions made by the HS1S-B3 empirical 
nodel Hhen models end observations are normalized to the 
sana constant pressure surface. Ihe calculated and 
observed uilaue compositional variations <n tho mag- 
netic polar cap occur near 0300 UT, when the dawn sector 
of the auroral ova) passes over the south geographic 
pole. The Overall pattern of the calculated temperature 
variation is similar to that observed except for the 
porlni between 1300 and 1500 UT. Better agieerent with 
t»perature In this time range is obtained with the 
Inclusion of auroral particle precipitation within the 
magnetoiphorlc cusp. 

J - °»ph»a. See,, a, Paper 4A0759 

Electromagnetics 
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H99 General (Plutonium H(gration) 

RKIOUAL PLUTOHIUM H1GRATI0H LH SOIL or tUUSUll 
Y. Hehare (Civil Englnearing Lebuiecory, Control 

r* e 1 t ue# Dt El,ctclc pDJ5r Induitry, 1646 
AbLIio, Abiko-cltj, Chibn, 210-11. Japan), and 
S. Hlyahara. 

Hoat of tha plutonium contaaLoatlon of tba aurfaca 
aoll In Hagasaki originated (rou the nxploiion of tha 
p Utoniua atomic boab in IMS. Tha highlit lava] of 
plueonLum contaaloation uaa diacoverad in Lha aoll at 
tha norlhwaat ndg. of thu Hiahiymaa i.a.,vnlr and tha 
I aval wao 10 - » tins higher than in other araaa of 
Hagaaakl In which via .till at tha typical accumulat- 
ed level of the global fallout. The naidiial pluto- 
nium concontratiun in the niahLyama aoll was varti- 
celly obaarvad from the ground eurtica to a dapth of 
2.25a, in order to naaaura tha plutonium undarground 
Migration rote under tho natural environmental 

condition! In a long term. During the paet » yean, 
a large part (-97Z) of plutonium moved down to a depth 
of 0. 1 - 0.3m Iron tha ground aurfaca. Tho main 
plutonium Migration rata in ■ clay gilt loam In the 
Hlihiyaoe dlatriet waa eatlaiatnd at l.2Snajr -> , 
esmparad to tho naan Infiltration rata of rainwater 
of J.Snyr . (Raaidual plutonium, fallout, under- 
grnund migration, Hagaiakl). 

J. Ooophya. Baa., B, Paper 4B06O* 

Geodesy and Gravity 

193D High-order harmonics af the gravity potential 
field and lore) gravity anomalies 
GRAVITY EMPIRICAL ONARIAHC! VALUES FOR THE CONTINENTAL 
UNITED STATES 

Clyde C. Bold (National Geodetic Survey, Charting and 
Geodetic Services, National Ocean Sarvka, National 
Oceanic and Atmospheric Administration, Rackvllla, 
Maryland, 20B5Z), C. Christian Tschernlng (Danish 
Geodetic Institute, Charlottenlund, Denoark), 

H. Miranda Chin (National Geodetic Survey, Charting and 
Geodetic Services, National Ocean Service, National 
Oceanic end Atmospheric Administration, Rockville, 
Maryland, 20852) 

Variances and correlation distances have bean 
determined Tor terrain corrected Bouguer anoiMlIes In 
all 20' x JO 1 blocks covering the continental United 
States. Also llniar trend values were subtracted from 
the data. 

In order to make tha detenainatlon Independent of 
the frequently irregular local data distribution, 
gravity values predicted In e regular grid Here used. 
The prediction was made using least-squares colloca- 
tion, constructing local surfaces representing the 
gravity anomalies for each TO 1 a 3D 1 block. For this 
purpose S44UQD terrain corrected Bouguer anomalies 
were available in the U.S. National Geodetic Survey 
gravity data base. Therefore, In order to limit the 
computational effort, a sequence of surfaces ware 
determined by selecting In each block en Increasing 
mitrber of data points until a limit of tha absolute 
value or the error equal to 4 mgal wat reached. This 
procedure reduced the nuirter of gravity observations 
used per block to a very raw (In areas of little 
gravity variation) to maximally 188, 

The correlation distance was found to be smallest 
in areas of high topography. Large variances ere 
associated with the Bid-continental gravity high and 
tectonic features on the Pacific coast. 

.1. M-i'phfs. Haw. . a, rapar «B0?«4 


Geomagnetism and 
Paleomagnetism 


25&0 Time variation), Paleomagnetism 
PALECHMHETIC MB QE0LUIC DATA INDICATING 2J00 KM OF 
N0RTWARD DISPLACEMENT FOR THE 3ALIHIAN AND RELATED 
TERBAHES. CAL [PORN fi 

D.E. Champion (U.S. Geola|1qal Jury ay, J«5 Hlddleflald 
bed, Menlo Park, CI,9eo25),D.Q. Hawaii aad C.S. Groan* 
Result* of a pair of paleoaignetlo stud lea of atdi- 
nentiry raeke In tha Satining terrenn or waatarnaost 
California indicate ■ northward dliplauement of about 
2,500 la alnoa CretnoNUB Line. Stratlgrapnla rela- 
tions suggest that tha SeUnlan terrene beau* enil- 
g mated with severe] othere by the lata Cretinous end 
all underwent the sea* northward traneletlon. thin 
osopostte terram (alioehthos) battue autured to 
aratonal Barth laariee by early Tertiary tin a. Oie 
peleomeinetlo etudy involved lip par Cretnoeous turbld- 
itea of the Plgeos Feint Fm. Plne-grnlned, thln-bedded 
turbid Itaa yielded the most reliable results, uhareee 
(isdtia to eo trie -grained sandstone are not always 
etebiy nsiBttlzed. Contorted layers resulting from 
sift ssdleent dnrormition uauilly gave dlreotloosl 
result* parallel to those or loditeroed aedlmaaterr 
layers, thereby taplylng ■ post-deposit loaal rusnenoi 
proem . There Le no Indlnetlon of Inollnetlon error 
or other prooeaaea iff an ting tha ridel it y of the 
remanent magnet 1 rat loo. Paleoeagnetlo remits fron « 
stparite looatloos le tha Pigeon Point Foraetlon gave 
polillva fold teste end mean inilinetlon vatuse near 36 
degrees. A seen gioaiguetta latitude oileulitad fron 
than result I la 21.2 a 5-3 dagreei, eush more south- 
erly this the value or 06.5 ± 2.3 dagreei oaloulated 
ror Pigeon Point Mini peleoaiiutlo pole dan froe 
lata Crateoaoua rooks from srstoolo Sorth America, 
Daolieatlon value* ere nut antipodal for noreel and 
reversed polarity eitaa, Analyils or depoaltloaal 
current directions rroa sendstooe bade or tha lean out- 
orops ehove that the dlrfareno* to the reeolt of 
Iiage&e rotations or mail oruetal bloeka adjaoeot to 
tha See Gregorio Fault. In a aequensa of Paleootae 
turbid Itaa that orop out at Point Sin Pedro, S aeaple 
loaelltloa yielded positive retd tests with seen 
Inal l nation value! near -40 degrees. Deollnstloo 
values, however, were spread over a range httweae 230 
Bad 320 degreae. Comparison with depoeltioaal current 
directions from the sms outcrop* Indicate* oloekulea 
rotations reiatad'to Eaogene right alip on lb* Pilar- 
oltos Fault, the earn geoaagnttlc latitude calculated 
for tna Point Ban Padro aad Leant* la 24.5 £ 4.0 
dagreei, eed la oora southerly this tha 43.1 • 2.5 
degree latitude expeotsd for that loaatlon. For the 
Sal Ulan tar ran* tod tha mat oeist of orsloaio North 
Aairlea, abaoluti rate* of latlludiail ooltoe were 8.5 
ea/yr nortnnrd and 3 «*/te »euuw»rd respaaLivaly. 
(paleomegnetlm, aocretlonary tiotanlos) 

J. Goopbys. Rea., B, Paper 4»5Z0 


Wd^EOtfACNETIC STT.OY OF TrftUST 5FEET 
ROT A HW IWIWi FORELAi* MPMGEMENT W 
THE WYOMINC-IDAHO OVERTPWJST BB-T 
S.Y. Sohworti aid R. V» deiVra/D^imenl d 
Ceo logical Scleocai, Uitvarslly of Mlchlgon, Ann 

Lower Craloc^ws oiralato |j» 
Owbyand Ahscrofai Ihrwl shaels wera «rapl « mM« 
^ro polaomognolleelly evaluate Ihrust 
llon Ihe Wyanlng-kftdw omrlhiusl.ball. No *Jgnll- 
Icenl reloMoni were found, loch of raj«H«" ' Ij* Iww* 
Ihruil shoals auggetls |hol prevlouily reported "ta- 
Hon or Ihe Prmpecl Hw?1 *e4l ^ ***™TJ^ 

'S^iSggiSCT *!^, 

y.^Ceophys. B*a.i Fapat *80595 


3H0 Hydrology (Erosion and Sadi monte t ion J 
A PROBABILISTIC APPROACH TO THE SPATIAL 
ASSESSHEhT Ok' HlVER-aHABHEL IH3TAUILITT 
Yis L. Oraf [Department of geography, Arigona 
State university. Tempo, Arizona, 05207) 

Tna detamlniacio approach to the anelyaie 
of rlver-ohumel Instability hae not pi-ovad 
to be e completely useful basin for geographic 
predict lone of ohannel behavior, Ed on oral a 
eetlaptae for benefits of atruotunl ohannal 
eontrol projects oonnonly aooount Tor flood 
Inundation, but in arid and semi -arid regions 
these aetlnatea are Incomplete beoauee they 
fell to taka Into account destructive ohannel 
migration aad eroalan. Ae a solution, a 
rasbhod whereby historical record* of ohannal 
looationa are reduced to spatially defined 
probabilistic funotion* elloHB oeloulailon of 
thB probability that given peroele of naar- 
chonnel terrain will ba destroyed by aroalon. 
The probability or aroalon for any given 
parcel over a given period of time la dlreotly 
proportional Lo the sizes of the annual riooda 
during tho period end invereely proportional 
to two distance measures* distance upatrasn 
and dlatanae laterally to tne ohannel. In e 
teat of the probabilletlo gaogrepnle method 
using data oa tne locations of HI 111 to Creek, 
Arisona, from 1B71-197B, erosion probability 
maps accurately aharaoterixed the locations 
of ebaervad changes. In a 50-year simulated 
period erosion ultimately produced economic 
leases that were five times greeter than 
potential Inundation loaaea. (Pluvial pro- 
aaseea, ohannal migration, erosion, spatial 
analysis). 

Water Baeour. Raa., Papac A WHO 
HID Crcundwatar 

FAkAHATEB IDENTIFICATION OF CTOUWVATER AQPIFLR HODEL&i 
A GENERALIZED LEAST SQUARES APPROACH 
1. Sadoghliiour (Civil Engineering ffepar taint, Univer- 
sity af California. Lea Angola!. California, 900)4), 

W. W-G. Yah 

Thin paper conterna the naibodl of sal luting aquifer 
trananlsutvltlaa en the ball a of unatanJy at ate 
hydraulic head dale. Traditionally, the criterion of 
Blnlmielng ih* »jo of Lhu squaran of errors haa been 
uaed Le natch the obsorvuJ data with the oodel raspooas. 
Tha data uead lor oprinUal Ion uaunlly contain noise 
which in net noreiiarily uncerralatod. [r In veil 
undsrataod that tho ranulti of Identification nstlioia 
are vary aoneltiw to ounaursoant errors In data. In 
this nL'jJy, tho OrdLnary loaal Square! <013) lochnlqua 
la catrlad out along with a General lzad Lenat tquoroa 
(41S! tocfantquo which In apaclflcally dvnlgnad to 
reduce the affact of torrolutsd arrora. Tho trace of 
Lha covariance tutrix la uead aa a neaeurs af overeLl 
accuracy and reliability of tbo cel Inal ad par croc era. 

Tha af foci Iveneaa ol the OLE and CIS technique! In 
dealing with noli, data la dor* nil rated by using a 
hypothetical arnnple. The reaull9 of nunuricol sapor L- 
oeniB 0'iggeaL that uLS uffora a pronielng approach In 
off 1c lonely leproving cha rol lability of the ear looted 
pa race core. 

Water Roaour. Raa., Paper IW28& 

11 10 Groundwater 

DOUBLE- POROSITY MODELS FOR A FISSURED GROUNDWATER 
RESERVOIR WITH FRACTURE SEIN 

A.R. Hoanch (U.S. Geological Survey. Hanlo Park, CA, 
99025) 

Thoorlos of lie Lo a well In a deuble-puroaltv , 


groundwater eoeirvolc are mndlftad Co incorporate 
eFfecca of a thin layer of low-pnrmeablllcy oacariel 
OE frnctura akin chee nay ha pcaaaat aC fcactura-bloek 
Inter racan an a roanle of mineral deposition or 
alteration. The comwnly uead theory for flaw la 
doublo-poraelty laraatfona that la baaed upon tha 
aeeuBptloQ of paeudo-acaady ecata, block.- to-f Inure 
flow le ehown to ho a special caaa of the theory 
praianted lo thin paper. Tha latter la bsaai on tha 
aaauaptlon of translont, Hock-co-fiaaure flew with 
fracture akin. Undae condltlapn where fracture skin 
hae a hydraulic conductivity that la loan than* that of 
nutria rock it nay be BBBomod to lnpsda the latarchacga 
Of fluid batvaan tho flaauraa and bloeka. Real it an ta 
to flow ac fraeiura-block Intorfacaa condo to raduca 
apatlal variation of hydraultc-tmad gradient* within 
the bloeka. Tfata provldaa theoretical justification 
for neglecting the divergence of flow tn lha bloeka aa 
requlxed by tha peaudo-ataady state Mow BOdai. 

Coupled boundary value problems for flow to a wall 
d techarglng at a constant rata woro solved In tha 
Laplace domain, loth alnb-ahapad and aphsra-ihapid 
bloeka were conaldarad, oa ware effect a of wall -bora 
aroraga and wall-bora akin. Raaulta, obtained by 
n uaa r leal invareion, ware uaed to construct dlBsnsleii- 
laaa typo curve* that ware applied to wn]l-taat data, 
fat a pnnpsd wall and obaarwazlon wall, Iron tha 
fractured, volcanic-rock terrene of tba Nevada Teat 
Bite. (Wall hydraulics, fractured rock, Laplace 

Lreaalora), 

Water Beanie. Raa. , AWOJSi 

3160 Runoff and Stroamflou 

OH THE TREATMENT OF EVAPOTHANSPIRATION, jOIL-HDI 5TUHE 
ACCOUNT [HD AM AQUIFER RECHARGE IN HONTliLF HATER 
BALANCE MODELS 

HI I Man H. Alin, (U.S. nealoglcal Survey, Rattan, 
Virginia, 22092) 

Sivaral two-tb-slx parameter regional water balance 
endali are eraainad using 50-yoar racnrdi of rnnthly 
itraaoflow at 10 tUaa In Haw Jenay. Tnosa nodoli 
include varlarta of tha Tnornthwalto-Mather modal , tha 
Palaor nodal, and tha more racont Thomas abed modal. 
Calibration and prediction orrors are relatively 
Hollar among tho raodels. However, simulated valuai 
or it ate variables such as sol I -moisture storage 
differ substantially among tha nodels, and rittad 
paraeaior valuaa for different nodal* oomtlmei 
Indicated an entirely different typo of basin response 
to precipitation, Sarao problems In paramotor I dent I n - 
cation are noted including difficulties In Idantl lying 
an appropriate line-lag factor for Che Thornihwalto- 
Nather-typo nodal for basins wilh llttlo grounArater 
storage, very high correlations bntwean gppar and lower 
storages In the Pal nor -type nodal, and larga tans I - 
tlvlty of paranetor a of tho ahed redo I to bias In 
estimates of precipitation and potential Ovapotrans- 
piration. Modifications to tne threshold concept of 
the Thorn thwilta-Nathar model woro statistically valid 
for the 6 nations In northern Nan Jersey. The abed 
model resulted in a s (related seasonal cycle of ground- 
water levels similar to fluctuations observed In nearby 
wells but with greater persistence. These results 
suggest that eilrene caution should bo used In attach- 
ing physical significance le model parameters and In 
using tho state varUblos of the models In Indlcoi of 
drought and basin productivity. (Water balance 
modal s). 

Water Runout . Inn,, Fapvr -UCIAPO 
ilnO Punof t and Slruanflov 

ALTUUTiny or STPEA.MFIIIU ilLMLTi ft HI ■>¥] ■ 1 FdlljvlIM. Ph.vl' 
CONSTRUCT mS IS WiRTil-lFMlUL IDAII7 
1. 1 In* i USD* Into rc^unM In F.»runt ini P 

IvFurlnunt ItJLloc. 1:21 i. «1jlo, II' n)H. 1 . 

*"-1 L. C. TworivvoD 

EllcclH *>f loKjiln, .k. iim r.--.,,la .-(i ,,-,vu v.r.r.iri l-w 
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EUV iSnO-|zftl Al nh»vrviuinnL of ihe Tropical Alrylon- iP.iper 41 *11711) Vuyirnii r'hulmhutt 

iiwuiik'i.A iiiipiu.'i .iigiiigiuA ii'ii'., i 

1. J. Afrreu. .1 D,ilgtun,i. }. II. Ire. S. CAnlrahu'li. juU S'. C S.-htmvn 
Spectral Charactcrisiics or Two Types oT Low Laiiiudc Aurorec i Paper ALhl 28) 

B. A. finitey, R. P. KiJirbuuy/i. II. Ratioul. L. S Ba'kt r. A L. Cothran, W. D. Tim hran. 

a i mh. a. w*. wiitt. ,inJ n. si , iw 

Alomlc Recombination Into Exriicd Molecular— A Possible Mcchnnistn (or Shuulc Glow i Paper 4LA075i 

Byron fl.ii U 17 reen 

Herzberg Conlinuum Cross Section oT Oxygen in Ihe Wavelength Region 193.5-204.0 nm: New LTb-.^raiory 
Meaiuremenis and Slraiospherlc Implications (Paper 4L6IJS1 A S - 

C. Cheung, K. Yoikton. H'. II. Parhmon. .md |>. E. Frn mtin 
Semiannual Osclllaiion of Stratospheric Ozone (Paper 4LW62i Km, hi Mitnla 

A Plausible Model Tor ihe Synchioneity or (he Phase Shift Bel ween Climatic Transitions (Paper 4LMMI} C. K hulls 
Density Spectra as a Funcilon of Altitude in on Ionospheric Barium Release (Paper JLWAI) 

Charles Lthe Ja. 5. Peter Gary, and Morris B. Patman 
General Ion of Large Scale Potential Difference by Currenlleis Plum* Jels Along ihe Mirror Field (Paper 4L60R7) 

Foil Af Srrlzatta and Tetsnra Soto 

Evidence for Slow-Mode Shocks in Ihe Deep Geomagnelic Tail (Paper -ILM74) 

W. C. Feldman, S. J. Sthwani. S. J. Borne, D. M Balter. J. Blm. J. T. Gosling, £. IP. Hanes, Jr., 

D. J. McConun, J. A. Slarin. E. J. Smith, end R. D. ZnleU 
Abundances and Spec Ira of Supraihertnal H . He" and Heavy Ions in a Fast Moving Plasma Structure i PUsmuid) in 
the Distant Oeoial) (Paper 4L6I32W) 

G. Cheekier, M. Schaler. F. M. fpavhh, D. IlmesiaJt, D. Kletker. and A. B. Galvin 
Measurements of Thermal Neutrons In the Subsurface (Paper 4LU518) 

Mart IP. Kuhn, Stanley hi. Davis, Harold H'. Bentley, and Richard Zita 
Transition Stratigraphy and ihe Problem or Rcmancnce Lock-in Times in ihe Slualik Red Beds IPapor +LM05) 

L. Tatar and C. Badglev 

In Situ Poroiliy Distribution Using Geophysical Tomography (Paper 4L6I46) W. D. Dally and A. L. Ramlrn 

PropenJes of SOi in a High-Pressure Fluorlie Siruciure Phase iPaper 4L61 16) 

A. £. Carlsson. N. IV. Ashcroft, and A. R. Williams 
Investigation of a Lower Manila Shear Wave Triplication Using a Broadband Array (Paper 4L61D7) 

Jlalnn Zhang and Thome Lm 


G. Gloeckler, M. Sc holer. F. M. fpavhh, D. IlmesiaJt, B. Ktecker, and A. B. Galvin 
irons in Ihe Subsurface (Paper 4LU518) 

Mark IV. Ktdui, Stanley hi. Davis, Harold H'. Bentley, and Richard Zi to 


Correction (Paper 4L6I23) 


7q jun Zhang and Thome Lay 
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Radia] Gradient of Cosmic Ray Intensity From a Comparative Study of Dale From Voyager I and 2 and 

IMP B (Paper 4A0409) D. Venkaiesun. ft. B. Decker, and 5. M. Krimlgls 3735 

Power Spectral Signatures of Interplanetary Coro Idling and Transient Flows (Paper 4A03J6) 

if. L. Goldstein, L. F. But lo go. and W. H. Sfiitihurns 3747 
Spectral Analysis of Mogneiohydrodynainic Flurluallons Near Interplanetary Shocks (Paper 4A0324) 

Adolfo F. ViAiii. Metryn L. Goldstein, and Mario H. Arrrfln 3762 
Energetic Particle Transport m ihe Upsireasn Region of Jupiter: Voyager Result* (Paper 4A0M3J 

D. N- Bilker, ft. D. Znltkl, S. M. Krlnilgls. j. F. Car bury, and At. H. AciiBa 3775 
On the Acceleration of Energetic Ions In Jupiter's Magnetosphere (Paper 4A02A3) 

D. D. Barbu to. A. Ev uilai. and G. L. SI, cue 3780 

Analysis of Chorus Emissions ri Jupiter (Paper 4 AOI 08 1 F. I'. Cenrnlri. F. L. Scarf. C. F- Kennel, and H'. S. Kuril, 3S0I 

Plasma in Saliun'i Magnelospbero (Paper 4 AO (20) Aharon E, tutor 3B2I 

Elecirosutlc Charging of ihe Rings of Saturn: A Parameter Study (Paper 4A0267] Well. Ip 3B29 
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* " pa cant ly *puhl 1 ahad analytical aolutlonn la* nonraact- 

lva wiiit* aovaaant in unailurntad poroua MtarWlo ora 
isv lavad with tha alo of dataloplnq t^ialo 

equation, vblcli can bo ua.d vllh confldanca 
dlctloq aoluto dlupoattloo dutlny abnotpBlon. Cu«l 
analytical aolatlona for constant enneootrat on nliw 
atant flu* bamdarY eondlllosa uoltfl ■ voUclty indapon 
dant hydit^fynaalc dteporulon ««ff ic loot axo taJu cod 
to n alrpla >al oCCUtato Coin. Tho aolutleat Tj-r 
KUitaea Hbaia tfm nouhnnleal dUpaxalun fr.raa tha 
antnant eporamt -turiivj dltparalon oro * - 

inters whiih 1 U bot«ai. tho mma caea *o« 
tlm rolaculac dllluoli* and oochanlaal 
ccoyvit.ibla al 13 niflcj 1 .ro aid lb." «"J»Y«d «►! valitai or 
anDrt'lrU.l pannatar. U.lch ts .• no.un.«y lew In tho 

■ cnultlirj a-pullvn, dclaml.md fn« 
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Eul.rltn mnputatlonal Rrld-ayatw. Tfa valuta of tht 
d.p.nlant rarl.bla all ifc* grid art ealcolaied b, 
tsitrpolitlcn. Whan a llnaar Intarpoltt Ion I. umJ. 
tha aalfod la a allaht Improvement out lha ap-idad 
dll faracea aathod- Ai tbla leval of . M ro«laatlon both 
the HR mi tha ufe-vlnJ dllfaranea atttai auHer frn 
large comical dlaptrilan. Houner. II aaecnd oriar 
I_aj rang tan polynomial* af« u«»d In the Intarpolatlon, 
the ELM le proven to be flea of ouattleal dlaparalon 

far the roovtctlon-dltparalon equal ten. Tha concept a I 

the elh la extended ler rraatarnt 0 * «r Isotropic 
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j'.hI tadtl u lam, warm da raigvlsai da Eatiila.Ma 
erica, Cldada Vnlvaraltaria. I|h« da fandaa, Cal*, h* 
cal 2518, 21.910 - Elo.da JaMlfo, U - 8r«tU) 
U«di.hr at al- |1WI h.aad 
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n“ tpalymla ol Ua tata M ilonctlon ol 

latltirlo ahoued 0 roglon of alevatad omos In the ^ 
mjuthsm UtUudM ortenllnj 

vMd. latitudinal o»m SiSSritT 

ibwt 80 ET*" 0“° rwieenlrafctona, HUM at 
rcr Uiom latltuSofl vorn lower, avera ging a bwt 3S Pf*»* 
“K.lw ol tho data, inching a*8«l»n - 1 th 
othar oaana data »ta, la pciwontod. 
j, crophya- lea-. 0, Paper 4DQ712 
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STSSS «odd.rd Spiea Flight Mr. Cad. 
VM. GraonhoU, HD 20771). C- H. Jacteao. J. >- 

^rS^taSUMl^mMShomleal nodal °“^ h “ 

diabolic clKolatlm boa btao °“‘ l r ‘ a “ I “*“ l !. t Th . 
bohavlor or H.O, CTCt IF- 11) and CFjCt IF-12). The 
eltcuUtlon li baaed 2a oatlnatea oF eat Uatlng from 
tho ground 10 «J fa.. Eddy d‘»ualon ha. bmiataca^ 
*tih reaped to othar modal Hudlea - 1 th S 2x10 
evarywhara above 100 aliar. Raaultln* Water pro- 
fllea the* mat enable agra usual -1th mM.urtd prsllloi 
m tho tropics, and fall off auch nora tharply with 
■ltlLuJe than those produced by endela using larg 
valnan of K Win ograetani obteload la at laatr aa 
good aa thaE 'obtained with tdjuatablo addy-dlffualon 
narareivra. The diabetic circulation traalnoat la 
Sore clo.alv r.latri re real phyalcal p.o««.o-. "nd 
thus more aaatly Inlarpretod. Dlffuelva alalnR ■PP'“ > 
to bo Dora loporlanl In detamlnlng the daealla or tha 
tcactr dlatributlona ralhat than the baalc eotphology. 
(Tracer Lranaport. eourca gaua). 

J. Osophyi. tea-. D, Papar 8007 1 3 


during tha abova two daya. Tha RBI lonospkarli 
currant ayataa haa ihova a ilailar "H- pa turn with 
anil annua rd current (lap lying a.muaed coovaetloa) evar 
tha aaanatlc pole with return curraata aa althi, 
,|da. Rnltl -call pallarna rnarga froa lha HU loco- 
inherit pa llama and an aayaaatiy appear! Is ha ciaaid 
by tha IMF h ceaponant aa wall. luggiatloes If. 
glean fnr anlll-eall pattaxni war tht polar ragleai 
ror northward IMF during an INF By algo change. 

J. Otophya. Aaa., A, Fopur 4A07S3 


1753 Iniaraellon or ataoapheta with nloolreoaqnat le 

tbRg'FMrrC'M AFTECTIH0 TB REMOTE 8WSIHC Of RAIH BY 
POLAR I RATIO/ DIVERS ITT PAI1AP IH THE J-15 "3Ha 
rprouncY rake. 

A.R. Holt litathanatlca Popanaant, Unlvaralty at Eaaex, 

Colchaatvr. «■« 3SQ. U-K.l 

Tho .!>• ol polar la. t Ion dlMtaity rnlara. both CPF 
and =C'P. for clb, reoot* aenolnj of rain lo lnv.it IJtroJ. 
In partLculai tta dopandanen ol lha maeauiiaenta on 
fiaquaocy, and on tin 'modal Uiunptlona about tha rain, 
(rah aa ahapa. dropataa dtatributlon . lanparatora end 
cant-lng noglal la dlaouaaad. Ac S-band Etaquenclaa. 
propagaelso attacta ora Ihcvn to be woraa lor COR than 
for EUR talar a. IBolarlaatlon Dlvaralty Radar, rain, 
remote aanslng -1 
lad. Scl,, Paper AS01G7 


Mineralogy, Petrology, 
and Crystal Chemistry 

8380 Pnreganaala, patrography, and patmgaaaaiB 
Br-IEQfQFIC VARIA1I0HI UIW ID JDAH DC FDCA RIDGE 
MBqoalln Baby (D. 8. Geological Sumy, H3-599, 345 
HlddlaflaU ad., Naolo puk, CA. 94035), David A. 

Ctagua, Join R. Dalanay 

Rr-laotopla »tlaa of Hqlaaa and nlorcoryatalllna 
baaalt aioph, alctiq tha 3uin da Fnca Rldga and 1 qlaal 
aaapla froa Brown Bear fuarmt are at tha lower and of 
tha range for normal a ld -001 in lc rldga baaalt, tha 
avaraqn «*r/«Hr ratio la Q.1Q249to.0DD14 . 

Although aafatla varlatluea arlat along a trite of tha 
rL4ia, tha Sr-laotopa date do nob ihw ayatsmatle vari- 
ation ralatln to tha prapoaad Cobb lotapot, Tha 1*0- 
MslC date ua lnocnalataat with an aartohad aantla- 
plsaa origin for tha OsHa-Clcltelharg faiawnt chain, u 
haa bain propoaad (nr laaltad. tha Aaoraa, and the Oal- 
apeqoa sprasdlng oaoter. Se-lautnpla ratLaa of aaapla* 
collaotcd north and aooth of the Cobb Offiat a» Uan- 
tlcal, although minor almut ratloa lndleatn that 
thaaa ragluea hava obalcally distinct mantle aourssa. 
Thaaa dlatlect manUa awrcaa may not have bean espai- 
atad long anough to danlop laatopfo dlEEaranMs. 
Uaotcja g •ooteaU.il ry , HCTR, nan tia hatarcganelty, 
botapot) - 

J. ueephya. tea- ■ 8, Tapir 480708 
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4. Gaophya. tee.. C. fapar 4C0710 
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y ? BsrMtl (Scrlppi Inslltuta of Ccesnooraphy . A-074 , interaetlon* botwean vavaa and pcrtlclea 

Uni varsity of Cilirwnl., San Diego. La Jolla, tall- gguSSlSS* ■ V* velocity DfBTiiBurifflis n A 

tethod of Mttaatlng regional «« rages 
of «harant in leval (SL) eh.rga 19 fvalopad. Tho 
technique Is applied lo a larga set or SI data rapre 
IMkattve of «st of the world ' 9 continental margin*. 

The remit* ihw highly wherent SL changes war ®ny of 
the regions studied. The method Is then applied to th* 
regional avengis Ihanselvas to davslop 
tlMts or the cohennt paltam of SL varlatloM “ ,st " 

1 * in the W*tori«l si dataset. Thopattami 
charactarlied by a coherent rise of SL In all regions 
except Alaska. Scandinavia {bath areas or notorious 
crustal uplift], and Southeast ftmta vdwra a appears 
to be railing. The analysis suggests little or no 
change In SI prior to the early 1900 s. Jhe par od 
since that lima has seen in Increase In 9- that It 
optimally fit by a linear trend of 23 em/Mnl. 

Tha study results suggest that it Is not possible to 
u niquely delemlna alther a global rate qf change of 
SL or wan tha averaga reta of change associated -1th 
the existing (Inadequate) dill set. indead, different 
analysis ealhods, to thwsalias, can causa 50* varia- 
tions in the estimate* of SL trend in tho existing data 

’^'signal /not ft analysis suggests It should be «*y to 
detect small, future changes In the SL trends estimated 
for the period 1930-1980. Konaver, deUctlon of theo- 

srasra.'s sisa ike sib &. 

and water masses, surface wyes) 

J. Gaophya- Baa., C. Fapar 4CD758 

4799 Conaral (Gulf Streau Bln*o) 

HASS TSAHSFEF BETWEEN CULT STREAM RINGS 

Richard F. Mail and Gloria J. Lind ana nn, Karin. 

Tachaolcgy Division, Naval Ranaarch Laboratory , 

Uaahlngion, D.C. 20375 

Exparlnota are patforaad la axamlaa iho eloea 
Iniaraellon of two ant Itvr Ionic Gulf Siraam rloga. 

A tracer le put la obo ring initially, le advectad, 
end dirfue.e Into ih. other ee tha pair evolve In 
time- lha appearance of lha tracer airalkllnaa ie 
axamlnod lo the llBhc of cooaarvaclon of potential 
vocclcitp. finamaelc vlacoelty and tracer dlffuelvliy 
ara each varied over two order, of aegaltuda. and 
trocar behavior clioneoa grvjtly. Ihw analogy ol 
dil. work to the Interaction a! e wen care ring 
with the Calf Stream ia aada, with tha alraemara 
obaarved In thla -otk carraepondlng to ifaosa 
obaarved In rfng/Streaa Interact Iona, 

J. Gaophya. tea., C, Papar 4C0376 

Particles and Fields — 

Interplanetary Space 


Burlaga (NA3Ayt]orU*rd Spaco plight cantor. Lab. 
« iota treat rial Physio, Qrfu 692, Qraonbolt, «> 


537U Solar wind wowtlc El" Ida 

RADIAL V7UUATKJB OF LARGE-SCALE HAEMSraWDROOWiNiK 
PUTCTUAHOB IN DIE SOLAR HIND 
L. P. 

tor Exl rata treat rial 
20771), ard M. L. Goldstein 
Two tlra pailoda ara atudlad for rfilch oMprohonalvo 
data covecaqa la avallifala at both l At) ualmj DH »1 
13EE-3 end beyond using Voyagor 1. Ona of thono porloiu 
la character lied by the pradamlnanoa oE corotatlivj 
atraais inuraotlons, uharaas many transient flows -urn 
qbMrvad In tha aaconi parted. fl» evolution uf thonu 
two Clow ayatuoa with hallooanCrla dlatanao Is atiidloiJ 
using power spectral rechniqueo. The evolution of tho 
period containing many transient* la const otent with Un 
hypothaals of turbulent awlutlon, including an Irworrw 
coacada if magMCIo hallo! ty to larga acalas. Am 
aval ut Lon of dm corotatlng period la In (Hraonent with 
tha expectations of a datexmlnlatlc moduli In paltlcwlar 
1C 1* coni latent - 10 i tha "antraimort* of alow 
by faatar rereaoa. 

J, Gaophya. Ra*., A, Taper 4AQG89 


COLL LB KM 141 88 PLASMA , , _ „ 

J. W. Din gay (Blackett Laboratory, Inparlsl College. 

^LlnaaT 11 theory la pro lent ad lu tha two-diaaaelooel 
uometry with magnetic field lloea etralght and parlllel 
and ell gradient, perpendicular to than With tb* 
unpar curbed et.t. atratifled. the pmrtodlclcy of «T 
part lets trajectory leoda to a almple condition 
concornlag the energy eechange hatweon roionant poriitlll 

*”a Lermor radius expansion ia purforaad Secluding tht 
second harmonic of the trojoctory rraquancy, but aa 
higher harmonica, end including tho gradient Of tha 
electric field, which would be esientiai for telvio- 
Holediolt* loatebllity. Tho objective i* to deurMaa 
the dapen deuce of the perturbation, on D»PhNe. 

The important raault I a that the third T° ur J“ 
compouant ia of second order lu the Umr r»1l“- 
the aapaniion ia valid, fine structure ariaal only (roa 
reaonancaa- A Icon rlgoroua diacuailon of tha B PF 0 | 1 " 1 
case, treating the oagnotie Mold a. vtek. 
panicle! faatar than the phaae spied pl» through 
reaenanc. lu tha a.nae of acatlonar, 
generally domin.taa the par turhat Lone «d gararlllj 
vary rapidly with gyropbeaa. (Wavai. velocity 

~i.. *• “■»“ 

2 VaE!!JS.«’?SSf 3 " ««.•» T«»n. 

IH TOE AURORAL FIELD LINK P1.ASHA 
H^MuS. ir. (Fleams Phy.U. 

Ra search Uboratory, Washington, D.C. 2DJ») 

Low^ frequency aloft rle Me Ida mslntalnad lo ■ F**"* 
by raalatl.lty (elthar calltataMl 
Imply a h.l.nc. tetwo.n tho — T* 1 “? , thlt 
the electron, b, ih. eloctrlc ‘ M 

tranaforrod by Lho re.iailvl.y (rem a «‘” B1 
othar particle aporloa. A. a ro.el., the 
not ..parlance a net scralcral Inn due 10 th. tlKtr^ 
f Laid. II thB plasm contains only oas Ion P* 1 
tho momenta, balance la the -a* for lha loM. 

Ion apodal la not scciloreto.1 allhar. ,f * „ 

ion .pad.. I- pro-ant which do.. ** 
tha roll alive momantun transfer, It ^ !ul 

by tho elect I [c Mold while lh « 
eaperlaoca an nceala rattan uppoalto 
Thla mechanise te, bo W IW •* 
line pi aim. In tha presence of • currant sh* 
magnetic (laid. Significant rol« .W » ^ 

electrons end hydrogon loni ' tei tlie upraprlitt 

Inna provided thnt the ro.lallvlty hte the «PP™P 
chax.etodot.co. Wo havo a~4 m* "“J'IjJS. 
Mold Una plaamn aleulatinn to djnaalcal F 
efTect. Thin aiwulnllon ie 
momeat dyoantc model of 
II*, 0*) along about 4 R a "f 

altitude of 1000 kn. 

J. Gaophya. Has-. A. Paper 4A0764 


n ona-dleoo.liinsl ■>»»' 
lliteo-apodal pU*“ '* ’ 

Mold MM akava “ 


Particles and Fields — 
Ionosphere 


Particles and Fields — 
Magnetosphere 

5720 Inioranilnne hnlwoan nalar wind wd 09 

RUBSTOUi BFFRGTS OH TOR F1AHHA SKF.KI !"■ C0W ° a 
HARflll 22, 1079 (OWM) .. 1 . u bar alar?' 

W -Lamar iso im (ljwkhaod Fnln A,t ” « p, |UiP 

1281 llanovo r Htrnm , Falo Alto, Ck 441" )■ 

and R. D. Zwlrkl P.Mrlmmt a" 

Data from llio Plnams G'-apnallloo F*P" t hst ■ 
cover ing lha enorgy rangn D.l-lfi koV/M • len 
drnmailr ohango tnnk plnro In Uw P«“® lollM ra 
componitlon in conjunction 1124 UI 

tlcular not Ivlty nn Mnreh 22, 1979. * t hanaid Crflo** 1 

atrenmn Ion populotlon at the IHKR-1 wUr v*" 1 " 

apponrod to bn pradomlnnntly Inna ^ til' 

a .(slur. oF comparable n«hom o( «olar »i 

raatrlal Inna- ^ 40-981 a* 41 *" 

prior to tha luhoLjrm actlj^ty abou f(J Ri 
d amity mis duo to 11* -» A lon *' - — — 


compoounta 

distribution 


each apprmtaatL 


had 


Oceanography 


jg csr.s-srJ: 


to alwW 


4710 Chemical Oceanography 

OLEAH LIFE CYCLES AND THI Atm bps a 1C COj COST ENT 
T.-H, FfM (Enelronosntil Edoncoo Division, Cut Bldgs 
National Laboratory, Oak Rldga, Timiuua 37831) sad 
W. B. I, Dicker 

Organic rattan lu tha s*a waa run id* rad by aoea 
blnloglilo as a link fot ao-callej 'Uaalng-carbn." 

But thata U no raaaaa to believe that anthropogenic 
impact! hole algnlflcantly altnrod the net production 
rata of organic resldmi, Tho poulhiitty that cbaogai 
Id tho outo'i Redfield ratloa, kn tho ocean*, plant 
prujsct Ivlty, ot in tho latent to which otgaoio notarial 
Is RtyrlH within lha ocean have algolficantly alt arid 
the ataoiphara'a CD! content over the past century la 
unload. Models show that the Ugnltudea of tha 
allatatlMi In thaaa proclaims nueiiity to produce 
a if all leant CO, change! ara uureaHnabiy large. An 
obi ana t tonal ap, roach <1.4., rapeatad auevoya of tho 
dlaulkwilooa ol Or, nft , and fa. In tho aaa) allow, 
tho ptopoitd blolagtcal icenarioa to ba qiiamtltatlnly 
tvalMtfd. While aunayi tarried out In 1972 (QEOSECS) 
and In 19B! CTTO) raveal no significant trend for the 
Itainocltne of lha Korlh At last lo wsr tbla ulna year 

C rlod, 4 kougar period of obaonitloo will ha auumy 
fora Him limit* can ha placed through thla obaatvatlona 
ayproKh. (Cerhoo, aotbropogealc leyaata, CbaraocUoa 
nuttlenta, modola of biological •cenarloa) 

J. Gaepto*- E*a- , C, Fcper 4G0I1I 

4711 Circulation (Gulf- of Haxlco) 

CUMCMT MB KtDMKUPHIC YMIABIUK IH THE' WESTEM 
GULF QF NEKICO 

David A. Brooks (DtparUMt of OHinography, Tuh 
MM Ifalnrsl ly , ColW StaLlon, n 77B43) 

. Froa Jely. IMQ t» ribnary. IM1 10 eufrgnt eaten 
m 3 Roarings -ora d»1oyad In lha 2 DO-IOOm dtplh . 
rgm mi; Ufa canllnintal slop* |n Ue Mrthwutun 
Gulf of Maxim. Tho cumuli ware Chirac Uf I M to 
anerftUc fluctMtlonr-Uh tlmeitiln of a mk la ■' 
Mvtral moathi, VniMrd-drlfllof uap CuircRL *nl1- : . 
nclomct pravlikd Uw prlnolptl driving rntdianfim for 
tlx riocluatlons. Longihor* current tpeads at the 
200o *pth flCtetloully Mciodod 70 OUi and m. 

, pgrelstMtly So m/i during • J-oanih peModlh Uw 


3305 Alrglow 

NIGBT AIIDUW Dll (8-3) UHD ROTATIONAL 1BHFEMTVUS 
AT FOUR FLAT. ALASKA 

H. K- Kyrabd, (Norwegian Otfsaio Basaareh Batablloh- 
aeat, 8-2007, EJaLlar, Norway), G. i. Bomlck, 

G. G. BLvJaa and C. B. Deehr 

Taper, cures of the aaaopaaaa ragloa (85-90 km) hava 
bain dadacad (roa OB (8-3) aoloculir band night alrglow 
•million msaiuroasnta aada at Fokar Flat (bS*H), Alaite. 
Tha data cover the licit fonr moathi ol each of tha 
yoari 1976, 197 7 aod 1978. Kean aonthly camparatura* 
of 229 , 224 , 213 lad L93 K wore obtained with no sLgnL- 
f Leant yearly differences. Tho moio taapacacure for 
each mouth la ahont 13 K higher than tba caCpectlva 
monthly tamporaeurta la the 83 and 90 km, 60* nod 70*11, 
CIBA 1972 nodal, and It fallows cha ganaral der reaming 
triad shown by tha model. (OH Alrglow, lamparatore 
maaopauee. Ugh latLtuda). 

J. Oeophya. Rea., A, Fapar 4A0766 


TOR 
TOPIkRED 


iBpararure^rallo T<«* _^j- n |*» 

and a danalty rntlo n(Ifa )/"<« , '!jJ t ' oM urr*atlT *■ 
ara con Blatant with •oaBurenante ead"^ ta 

tho .ol -r wind by tho plmamm 0 ^ 

romxlnlnR 3-l<W of tha danllty 

Ho T Iona of lonoaphorle orlRln- , thj + fl ,,l „ 1 . 1 

About 23- in minutaa ■ r ‘» r 1 i, h “ “S tn i ffl *“11^ 
aubotom oxpanalon at 1053 Ot . _ j aIu j vll^V 

dropped sharply at 

cha naxt 10 mloutoa lha 0 danalty > orfii iBifjT 

an order of maRnlluda througho^'h.^ » q u S i. 
ronRa. raaulclnR in cooporablo i ar gi it *T_ 

Thu 0 + compooant of thTlnbanod p*«»- *^i r 

nant through tho rmW*( ?' l^ta, rootel-^ •*[“* (** 
ol Meant portion of tho ft .eiluard ui** **.* 

■ t roogly eollimatad befloo rtaohing ^ ’ 

mostly below I kaV but r» ao«*» 

The teti-corralatlon of lone from mieP** 1 * 
Indicates that the partlalo f ^ ^ fir* 1 

Fundamantal chaoga in oomjamel ,. (a ine of 

■ton, poeelbly ..aoclnt.d with “ (»*«*«*' 
tall currants through the pal» r 
Ion campaoitlon, plawa anaatj. 

J. Gaophya. Baa-. A. Papar 4 A 0 S 6 S 


|: ! 


3710 Into raa Ilona between 
LAHB-SCALB B IRK EL AW CDBREBW 
RU10BS DO* LHO STROHOLf WRTHWUD . 


solar wind 


itwofa*? 


3330 Hlgh-Litlcude leosepherlc burnt, 
lORMfimc 1KD B1BXIUND COBRKBT DISTBIBDTICM 
WWTHiHRD IHTRRPLAHBnBT MAGNETIC FIELD 
FOUR COHFECnoR 

a’ n T .* *■ Pot,B, «' p - F. to throw (.11 at 

Applied rhyxlca Labors tory, Johns Hapklni DnlvoisLty, 
i™" 1 ' Mary tend 10707), T. LiJite, (Dnlwr.li, of 

yttete-,T*»I 0, e— ■**?■ "■ {Mox-tlaook 

I° ' tlu 1 t * hr 8*lv4-l.rrM trial Fhyetca, Kuoleh, Wait 

* "■* Bf Blrkalaad aqd ImeipNrlo dl« tutblnua* hav. baan 

car ran la baa haen lo gh. .x|. tla , , . • r M.h p.r.lat during parted, .el », 

3nT) and wfaleb Inara.*- - l " aimi"* 

Thi* has team determined F 1 ®", r f7 u 0 f **®?*L,iy W* 
Maid data aeqqlrad during ^79 W P"?? j0* 

aoutb polar ragleoa do»l®B NoV.ebxt,” gf 

and *upp Isaantad by 
.ebar 
. laris ti 


CilBBEWT 8T9TPI . ( ah araWl7> t\ J- 

T. lljlma (Gaophya leal Raaaatah ^ p a ua7*>. 
of. Tokyo, Tokyo, 113, " _p|U 

Ban. ML and P. P. By throw tre».«'*' J7lH« 

Btahle. ^ ■'SSA?.. 


, , . — tha axlatlu ....« , - 

Ragleo I - auroral elletrojat ayaleo whan the later- 
“A" ' 4UW »• , d I ranted 

taRtaT^Uafate"** “*" nt * “ ,,l I tataamH ol tha. 

Ragloa i aystom, unu tea polar rig loo .„d hav. b „ B 
colHd tha northward UP B. (ni) current a 

eoopaoloa paper (lljlma ,{ el. J . M g™ .g«S5l it 

V l ‘ 1UTT *f U ' -ineUm.elgtetute, e 

tea IU »htel? *5 ■™*rt-«4tlruu«rd dlr.ctlea and , 
rfihiB^il daptndaata.coUievarlRRa no^no.ot. 

. ll P* T ta eoapanlon itudy Had Kassat migtete- 

■®J*x fteR-Hfo-daya, . 

MW. bar* baan soatyiod 
“ « *• »» 'V flgdatet. 
add u too, • Poariir 


lopp teamtaa 

the north polar «« - gf**- 

Ho. of Ot*.. F° U * uilt»4a. 

feilowlngl (1) Thto ° eMr '* d«l1* 

lag 1cm l- Biifca laud awtrORi w ^^*iiN**S 

local tlma. <04« > » < 



■pherlt traosalasloa fuaattan of tha Eon, {• . (g * * 
I ijl/l coi 0 / 2 , wharo 0 la tha angla between 'tha 
polities S-axla aod nr, ir tha eegaetla dliturbauaa 

are Intern re tad In tarwo ef Blrkoland ourreoti, they 
flow downward an tha dusk aide and flow away on tho 
•anlng-aldo (identical to tha auap currant Mow 
ra pot tad by lljlma and Potemn, 1976b). Ue Interpret 
than abaorvatLeaa a* evidence for a Largo-aula, stabla 
li rle lend current lyitam lo the polar raglu which la 
aiiesiatad with merging on Mold llnee In the gennag- 
utl* tall. Tbla current eyatea Intimities sad ii mora 
(table aa * a haaoeea mere northward (reulniecsnt of tha 
hahaviar of tea Region 1 ourrsnt eye tee with ineraaslog 
■outhward value* of *,)■ Th* now a tibia polar cap 
aurrut ayataa daastlbad hat* la rt tarred to eo th* 
mi* Btrkalaod aorrant eyatea for "northward E a " and I* 
important baciuao of Ita relationihlp to a variety of 
othti "northward B," phenomau auch a* polar cap auroral 
area ("theta aurora") and multt-caLl coovacciva (low 
pectins. Tha sxlltenca of than stable H1Z current* 
end th* carralarlno of thalr anplltudat with tha IMF 
■obsunclates the Tact that anirgy nontlnui* is Flow to 
Ih* Birth* a polar ragloa* during period* or itrongly 

northward IHF. 

J. Ciophya. Roa. , A, Papar 4AQ7S2 

5720 IntaraoUana between aolar wind and magnatoaphera 
DIRECT EVIDENCE FOR SOLDI HIND CONTROL OP JUPITER'S 
HECTWETEa WAVE IS NOTH BAD10 EHUSIOH 
H. D. DUCK (HASi/Goddard Spaoa Flight Center, 

Oraubtlt, HD, 20771). C. H, Barrow 
Observations of Ufa aolar wind aloao to Jupiter, by 
th* Voyagor 1 and Voyagar 2 spaoearart in 1978 and 
1979 , ara aompared with tha heotemater-uava length radio 
enlaaioa from U 11 plaint, A algnlHoanl poalLlva 
oorralatloo la (bund between variation. In tha aolar 
wind plasma density it Jupltar ted tha leval nf Jovian 
radio amission output. During tha 173-day interval 
studied for tba Ybyagar 2 data, tha radio Mission 
dlaplayad a long-term period laity of about 13 diya, 
(dentinal to that shown by tha aolar wind danalty at 
Jupltar and oonalatint with tha Ragnntlo aentor 
atruaturs aiaeolatioa airoady propoied for gruusdbaaed 
obsarvatlona of tha daoamatar-wavalaiigth Mlaaion. 
(Jupiter, radio emission, Voyagar, aolar wlndl, 

J. Ouphyu, Rea., A, Paper 4AS026 

5720 Interaction botween solar wind and magrietosphara 
INTERPLANETABT HAOIlkTIC FIELD CONTROL OF KIGH-UTITUliE 
ELECTRIC FIELDS AND CURRENT 3 DETERMINED FECK GNEENLAHIl 
HAONET-WETSli SATA 

E. FrUx-Chriotanean (Division or Geophysics . Danlah 
feteorolagical Inatituto, Lyngbyvaj 100, DK-riOO 
Copenhagen, Danmarx, 

S. Xaiilda, A.b. Richmond, S. Hatsushita 
To datermlra tha affects of the Interplanetary nigna- 
Uc field (IHF) on tee eloctrlc potential as well ee on 
ionospheric and field -aligned currents , a recently 
available numerical algorithm la applied to an empirical 
oodai of high- latitude magnetic perturbations, Parana te- 
rlrod in terms of tha By- and B z -cceiponents of the IMF, 
The calculated results reproduce fairly wall overall 
features of the Influence of tho IHF on hlgh-latitude 
electric flu Ida which have been reported on the basis 
'Of more direct measurements. In addition, our results 
Indicate that the system of Ionospheric and B trite lend 
currents near the polar euap, which haa bean ah»m to 
depend itrongly hi By, arista independently of the ay- 
ates of region 1 and region i f la Id-aligned currents, 
which, on tha other hand, depends strongly on B.. The 
direction or tha field-aligned currents In tu dayaide 
polir cap is uniquely control lad by the sign or tha 
B. ceaponant or tha IHF, namely upward currents for 
B^>u In tee northern polar cap and oppositely directed 
for B cQ. At tha dayalda boundary of the polar cap the 
DPI ionospheric Hall current la sandwiched be tween the 
pilar cap field-aligned currents and an oppositely di- 
rected Meld-al Lgned current sheet on the squatorward 
side. For Bz>0 and By small the Ionospheric and field- 
aligned currents are localised near Lha dayalda polar 
cusp, end the electric Maid has a duaK-daun coopo- 
nent in a narrow region near oagnatlc local noon In 
igraauat with reported satellite iceaxuromarts. Tha 
tasoclstsd distribution Of field-el ignad currants con- 
sists of the regLon I current syatan and an additional 
pair or opposttaly directed currents located po toward 
of Ufa region 1 currents, 

J. Onphyi, gas., A, Papor 4AOT5B 

5734 Magnetic fall 

50IRUXS FDR ENERGETIC [OHS AT THE FLASMASHEET BOUNDARY : 
11K 1MTIKG OR STEADT SfATL7 

D. J. Nf IKsiAi fThy Johns Hop* lay Uni very I ty Applied 
FAyilei Labor jt ary, Laurel, Maryland 207071. 

7. «. Ipetfar 

Lhilytei of tnsrgstlc tom ohgorved at the pi 111 * 1 - 
ihwt boundary usually have anund or Inferred the 
eilittnca of either a tine varying or a * toady state 
idures. Became tha*e asiunpilom are both important 
ind conflicting, we have (nvastlqatad the unlqueneti 


Yours For 
the Asking 



American Geophysical Union 

PUBLICATIONS 

CATALOG 

1984 

Your own guide to AGU's cur- 
rent selection of books and 
periodicals. Contains brief de- 
scriptions, prices, and order 
forms. 

For your free copy, write or 
call: 

American Geophysical Union 
2000 Florida Ave., N.W. 
Washington, DC 20009 

Attn : Marketing Dept. 

(800) 424-2488 : k 

E228M 


q? tor a Mre »T 1 tt# AHunlnj 

t!i * ! ,nj " ltei(h BWlG iaurc« w angly- 

RrillfajS 'reri 1 ?" ""d to « Mhputer 

J D ' 1 a ti on of tha [SEE-1 Hidlin Entrgy Partlclai 
teMrunant IHLFU. Th. predicted F£?{ lS„ ,ffi tu rei 
d * 111 ohMrvitlam. Ha rim that in 
"« possible to determine the tins vary- 
; tMd f n»t«ra of the source with ilnnle 

In IHcl f I ml t " 1 ° f 'll 0 l0n dlitrlbutlon function, 
th** i nn ai ■ aliS,** i '*'• hw8¥,r - «■ t'w leguence of 
Tto libal te^l bu i ” y “l 1 ” Iuch a doternlngtloa. 

The 11 kail hood or tins varlatloni In varipui p*ra- 

,B ] wtrle , 1 « , d. wjMtlc Mold, 
atc -l P’w ‘ho atlitance of con- 
plax boundary f««tur« (e.g. tranyverie end parallel 
f ^ 5 il,r ««pn«te the Inuo making it very 
ev,n , m “ ,t1po,nt «l»MrV4t1on» to dater- 
mine the tire varying or i toady tuts nature of tha 
t?n«'-a Sew ^ 0, “*- independent of the*. .teuJ? 
tfong, energetic particle event* at th* platmtheet 
boundary anilyzad to date ahow that the observation* 
ere consistent with lingla particle notion froa a 
“ “ ^rel tens of wth ndfl down th* tall which 
1* charactarlied to an E 1 ipactrua. Whither tho 
“W «ry 1 ng or steady state eunot be 
uniquely Inferred Tron th* dsu. (Particle obierva- 
tlons, thooretfcal daicrtption, oodelllngl. 

J. Gaophya. Res., A, Piper AA803S 
5739 Hagastopsuaa 

^iSSSuS B0T4tIM ‘ L ■*™ 1 " “ ™ 
SSSUJSKffl, tSJfti'WA ub - 

Fluid slgnaturua in tha HKD .pproriMtlon lt nlm _ 

i 8 T Un , UltUa ,i aM of rlnlt ' *‘d«i sailed 
rotational atesr layira (RSL) are ainliwd for guaral 

now and migaattn gaoiatrlaa. Analytleal and gainetrl- 
nal argiaeata illustrata that th. fluid spaed nan . Liter 
W> up or down soraai an RSL ror a flvad normal uaa 
Th 5 li>,M Proflls may or may not be noaotonlo 
with tha phaai of tha Rigaatlo rotation dapsodlng on tha 
boindary conditions, Th* now valoolty may or nay not 

bo Mold aligned or -Jotting' (?-B . 1 ) *s * raault of 
travorsiag tbe RSL. In ganaral, algnlfloaat "oonvonUon" 
J* aapaoted in th* layar, Th* obsarvabl* aignaturaa of 
J* 1 ®) i ■*■'» dapaad on 7 (boundary oondltlon) piramatarai 
M) tha aiaa density, (2-5)1 tha laoldant normal and 
transverse opponents or tha magnatlo riald and fluid 
valoolty, ( 6 )| the asgln * between tha laoldsat tangen- 
tial flow vslonlty and tangsatlal nagnatln field, and 
(7)1 the alia of the mignstln angular relation Imple- 
mented by the layer At. This ganaral survey illustrate! 
tha singular nhiraoter or thi FstKhak garettry and that 
the model prediction* of ’ Jilting' and nonotoalo spaed 
Lnoraaaoa through th* layer »y not bo unod u gaural 
signature* of BSL'a, ThU La eapaoltlly tru* along ths 
Levy, Patau hak ani Si sane our rod magnatopaute boundary 
whoro tha fluid flow. At and t ara ganarally all dif- 
ferent from tha Fatanhak regime. Aooordlngly. Uw leak 
of obaarved apaod lnsraasaa anrou tho Rignatopausa on 
no longer bt used by itaelf to Inter that tha aignato- 
pausa la locally closed. Of tha apsotrua or HKD RSL's 
that ara possible the "aaoalaratiag 1 onaa require 
apaalal boundary ooadltiotii moat generally ouoirrlng 
naar tha non of the magnetopause t the 'daularatlng* 
RSL'a baoooe Lnore.alngly more probsM* at aagnatopauu 
cron Inga raovad rr«m th* «ub-Mlar paint, [caiman ted 
SSL'" have bite located within tna apantna or poaalblo 
aignaturaa | th* mmbsr of BSL'a reported to date Implies 
only a lower boind for thslr frequency of oooirranae 
linos surveys eonduatsd to dots have otoludad tho 
■daool orating* onaa. (Fluid aignaturaa, rotational 
dlaeontlnultlsa) . 

J. Ceophys. F«a>, A. Fapar 4A0700 


3775 Trapped per l lo Isa 

THB CHARDS STATS COMPOSITION OF 0.8 KaV HELIUM IONS IN 
BARTH'S 0QTE8 RADIATION BELTS 1>DR f HQ DC LET TIKES 

D. L. Chanette, J. B. Blaka snd J. F, yanntll (Specs 
SalaDoaa Lsbantory, The Aerospsce Corporstlon, P.D. 

Box 92957, Los Angelas, CA 90009) 

He present Maaurusnts or tha o targe atet. of 
0. AD-0.55 KaV helium Iona In narth'a outer 
nagnatonpMre (L 6 ) using a novel tHhalque, Tbs 
radial gradLsnt of tba hallus ion Tlux and the 
aast-weat nni act ropy In tha pltoh-angln distribution 
are both msiurad, Thais are ooobinsd with 
maaaurBMOta of the eagneClu Maid to oaloulate lha 
flux-weighted average loa gyreradlua. 91 ms ths 
BigMluda or the tegifatlo field and tha snarglsa of 
tba loa. ars known, th. gyreradlua determines tn. 
ton's abargt state. During two pairs of gausignatlo- 
slly quiet days la 1979 vs find tbit moat or thaaa 
Ions ara singly .barged. This raault la in laoord 
with tbioretiesl oaloulatlons uhlflb find that oharga 
exohaega reaaLlonn bstwasn those ions and Lh* neutral 
hydrogen gaeaorou ar. tba dominant factor in 
control ling tbs oharga a tela or thus Iona al tlnaa 
longs r than s day arter their Lnjaotion. Our raaulta 
alao suggest that th. mass charge Btal. of thaaa 
helium Iona may vary with position In tho magneto- 
sphere and with tins. (EparRStlo Ions, nharga atata 
aeiauraaanta, hall urn), 

J. CeopbyB- Kss-> A. Fapar uBQIl 

5780 Hava prapagsclos 

A RECONCIL EAT EON OF PROPAGATION H3GEB Of AURORAL KILO- 
KETR1C RADIATION 

E. Halhimato (Dspartasnt at El.cnclcsl Leg Inuring, 
Kyoto llnivarsliy, Kyoto 408, Japan) 

The propagation modaa ot AIR ara chan relit ally Inves- 
tigated by ihris-dlmsoa (nasi ray craeing tiling an nlnc- 
rron danalty modal basad M tha auroral plain cavLty. 
Roch R-X mods and L-0 ofria nbaarvatlnni ara nplaluad 
lu a cnaalacaaE saiuir, Tha following aiaunptianl are 
used far ch( ray tracing, which am basad on obaarva- 
clon* naar tba source. I) lha radiation {■ gaueratad 
la both R-X snd L -0 nadas. 2) A range of ratloa of tha 
wava frequency to the R-X mods autoff (raquaacy tit. L* 
from 1 .01 tn l.l. I) AER wa«n* ara generated at Diva 
normal angles almost perpendicular to tha gaoaagnatlc 
riald. 4) AES I* generated (a tba auroral plaau eav- 
iey along a olghtaida (laid lias wLth an (nvariint 
litltuda of 10*. L-0 mod* wavai can propagate within a 

wider region than R-X modi vavaa. Obaicvad ofanraemr- 
iatlei of ARE can b* wall explained under tha (oLlovIog 
us additional. aiaaspt loci, whlnh ata tansiatant wLth 
the cyclotron maiir oanhaalew, 1) Tha R-X mod* la 
stronger chan the Lrii asd*. 2) Fwdoetnaotly up-gnlng 
warn ir« iiuricid it thi ]h* *** J 1 

douinADE AC bl|h UtLtudBl bifliBiA U Kb icroogar. Ibm 
L-o mods il rocnlvid In lower Latleudoa whirs tha R-X 
nod. wavai esoaot reach teianaa of tifraetion and 
raf last Inn mainly in th. vicinity of th. aonrea and tha 
ptiaupania. Previo.1 papira which cteiei tha R-X modi 
radiation are rewnaldocid. Th. pteiane latacpretetiaa 
eons I ■ tut ly axplaln cha rawlc. of CfaaLr obaorvarloni 
without contradiction with en editaMO of tea L-0 
moda. It 1 * olarlflad char they ohaatvid both madia. 
(Auroral kilomatrle redlatioo. r»y Lrering, propaga- 
tion modaa), 

J. Gaophy*- tea,, A, Paper 4A8030 

5785 Particles «d Fielda - Kignatoaphare (ehla tiers) 
nUMIM OF UHI 8 TUR MONTH IN A COLD FUSHA 
INJECTION EXPERIMENT ....... 

0 . Gangull, F. PaJmedasaao and J. (hddat (Bawal 
Research Laboratory, Heehlngton, D.C. 20375) 

Using e * lapis time depend eat nnld pleiM deadly 
modal end assuming a typlul uhlut radladno belt 
enlranunt, aa etndy tbe evolution of the faiiotlor 
mode earfadeoM and pertlde pr*Clpit«l 0 o ln e cold 
plane releaia «pnrlm«t aidter to ooa srtJch tay te 
cooductsd SI mt the AHPTE progtem. It : !■ “ 
from earlier work that the releaia of cnl# Itthln 
loon cen al|dMo«ntly lomr ths critical esergy E fl 
above which tha ragodst ndiUloD belt “J 

piteh angle .o.ct.r, Ha «to*r Rta iJm ^ owtet^ Ire of 
tte one pais sain factor For a whistler navopeeket 
asd Med rkat for paremdari ecedaslblo to AHFII typo 
enorlmiate the gats Fo*t»r il Urge to. enioro 

ihlitlu-tnrbul^e end eiroog -pilch «« < 
d iff nates of red lotion bdtparticia* With arergU* in 
tba rents betwnu ths anbleat walm* cf JL «d Itbe 
vaduad ■ relu* of EL- Eat las tea far tbs total P°w ,r 

r.ra“ 'if.SKjS 

5 S sa . 

uda, tuporel ovolutlnn, AMFT 8 . tptbnlpntej, 
j. Gaophya, in,, A* Fapar 4A0598 

Physical Properties of Rocks 

52 WSDIlTY WE TBANEM9T 
FH 0 FE 8 TLM . OF lflOi ■ '.umipUrin, and ' 

?UMtII^5tteSj r ^«kn.dAt* * ||M 

Teohsdloiy CubrLdga, Haa*. 02l»i 


Us rasnalyie the flaw nodal proposed by Uyllla and 
lloia in which the coop 1 1 ex red five network through the 
pore pheac at rock ia raplaaad fay a ■ Ingle 
rap r«a auta Live condole. Although tha nodal la a vary 
■ lap la repraiiaretlon of tht conplicatad pan phase In 
ruck, u* find that It prorldaa an adequate alnulaticn 
of hen the tries port prcpartlaa very with external 
presaura. Eipreaalana dlrlvnd fnr fluid pnreanblllty k 
and farm tion factor p are ccnhlnad tn give an 
• ipraaalou for tha naan hydraullo radlua of Lha para 
phase. Using thla axpriailoa, an a host that tha 
expecant r In tha rapirtcal ralatlnnahlp, k a f r , out 
fall In tha rang* I « r « 1. Alia, ua uaa tha 
aaprstaicn fur hydraulic redlaa to nsclnata tha crack 
»«* per uolt volute and atandard devlelicn of lha 
halght of tka aaporlclae ns the alcrecrech aavfacal for 
two granites. Tha valuaa its In naaonabla agreed n l 
wLth othoi sat loa tea. 

J. Gaophya. Pea., B, Fapar 4B0554 


Planetology 


8120 Equations nf State 

SKOCE-WAVI EDDiTIOHS OF STATE DSIM MIXED-PHASE ggfilHB 
DATA 

J. Fatar Kite (Dspirtnant or Geology, Rsullnlnlr Foly- 
t.chnic Inatituto, Troy, NT 12180) lod Than ■ a J. Abrsn* 

A mot bod is deicrihsd tbit ulna Hngonlot dels in tba 
mix.d-phais rlgima tn further nonitriln aquation of 
■tain (108) parameter* nf low- and high-pr.iaura pbssta 
of metoriala sndergoing phaas rrsnaitiooi upon shock 
loading. Be compute the ralativ* prnportionl of lcw- 
asd high-pmaiuro phsaal pratant in the mix.d-pheae 
raging and apply additional teat! to ths US parimttara 
Of tha separata low- and bigb-praalura phalna by invok- 
ing two ainpln xoqnirimsntal th. fraction of hlgfa- 
prosaoco pbaas nnat (I) lacttait with iatcaiaing shock 
pcossoro, snd (II) spproscli ons at ths higb-preaeuro 
ad of ths mizsd-phsso regimt. Vs apply onr anllyiil to 
prsvlaosly publlahed data for poll ■■ lua thiofnrrit., 
EF«gj, and pyrrhot its, Fin,g8. Hn Msd that including 
ths mlxsd-pbsie r.gin* date is tbn 17*8 j snslyais re- 
quite* no change in tha publlahed bigh-priaiure EOS p*- 
rameten. Fur PV(J q9, we must modify the blgb-praaaero 
pbaaa EDI perimeters tn tatiafy both the mlxed-pbaaa 
and higb-presiura phase BugonloL data. Our nalual for 
■iro-pr.aiure density, bulk nodulue and first praaaure 
dirlvativa of Lho bulk nodulna of tba bigh-proieur* 
phase of Fna.gR are 3.3 Hg/n 1 , 106 GFa, and 4.9, r*»- 
pactively. 

J. Goophya. Rea., B, Fapat 4BD741 
6100 Ttisrmai Prepare is. 

RADIATIVE HEAT TRANNHU IH MjLTEN AIID GIASSV QBdlDIAH 
C. H. >10610 and T. J. Shsnklond iGsophyitcs Group, Hi 
OH, Loa ALsioa national lobiuiory, tea lla»*, HH 
873451 

Wo hava naasurod optical eraaamlttanc. epsetra In 
rhyolitic owldlon luplgi in Mu wavalonqUi ranqaX* 
280-3300 ns and st toeparsturas T from ly-lHS^C, 
above and fallow tna softening point. Pica tho 
tronmltunn, wa calculated tha absorption ccefflclsst 


•l[V,T) snd ths redlstlvs tharnal conductivity X a JT) . 
Kg ran god fra, 1 i If 1 cal en - ‘s"V 1 11.2 W ."'k -1 
st 700°C te 12 X 10 _I osl cfa-'w^V 1 IS H ITV*) St 
11450c. Tha 7CO®C value la coqarafale wl 
thermal conduct lvl ty x, of about 4 < 10' 1 
Cm* s' * 1 (1.7 M m-'ir'l. Ranoutnq scat 


1 th lateica 
cal 

scattering offsets 
dus to nubbles from th. Ersnsuttanc. spactrs by 
lowgrlnq lho afaurption baiw-llna IncraBsad Xp eo 20 a 
lor* cal or V I"' 18.4 W m'‘K' , l ic 1145*%. Bucaais 
■catering by bufabl.a Li llloly to be anil tn conttnad 
aagmal . thns nunbora ara prooafaly minimum valuaa for 
r„ and indicate chat In oeLIvs pi u tone radlatlva neat 
tranop-oit could ns gr ester chon lsttlca conduaEIvley by 
core thin a factor or 2 at 10CO°C. Ttius, oslclng 
markedly strengthens P R , end radiaELva hear transport 
la probably Ut dor.lnar.L conpoi'wnt of rJia total 
conductivity » - » L • Eg in ellldc nagnav. Thaaa 
relatively larqe ,*!*■■ of X can ba applied to n>Jala 
or the thermal evolution of uju belle* snd to cooling 
nf inlruslvai. iTharmal cond'-u- j vl ty, rsdlotlvs hast 
ersnsfar. salt phyairal. 

J. Gaophya. Has. , B, Fapar 410401 


Seismology 



Ih 


8903 Body Nava* 

FOCAL DEPTHS AND FAULT PLAKF SOLUTIONS Op EARTHQUAKES 
AM, ALilVt ILUu.itVu V» l.u. .IllUl-'-tk 

Jean Barsnowak .1 (Lsmont-Dolurty GaaLogltal 'Alter vet or y , 
Falliades . Nan York 109441, J. Aimbniaiar. L. Sasbar. 
and F. Nolnsr 

U* hava coaparad ayochatlc ulreograss with loag 
patiod body wane for aim sscLhquakas with epic eat an 
lp tha HlmsLiyss arc to data nil n. depths of foci and to 
[.prove fault plus solutions. Focal depths sr. 

■billow ( 10-20 km), interred slip vector* an locally 

psrpnndlculsr to the count sin range | they plunge wry 
finely (- 10*1 In the as* tarn ssctlous of the nogs and 
mars nusply (-23*) in ussenra section*. Aesualng 
Indie to he ■ rigid piste, the ted telly oriented elip 
vector, laply thet southern Tibet ascends at about belt 
ths rate of code rthrua Ling in cha Himalaya, end 
therefore probably at about 3-10 ire/yr. The shallow 
depths and goat la dips of tha feuLt planna, it leeet 
(or ths nvante in tha us tarn hell of the rings, are 
conn 1 stint with coherent unJerthruicing of the Indian 
pinto bensiLh, st lust, tba teller Riselsye. The 
steeper dlpe nr (null pishes In the usetero pert of the 
ere might reflect dsfarutlon of tbe overrldiog thrust 
plots or simply e steepening ot the main undent, rue ting 
cane beneath ths Greater Unisys. 

J. Geophys. Re*., R, Feper 4B0399 


tfWEiiUWnmnfav 

A OOMMUMN OF VBXX1TY AND ATTENUATIOV UTOTEN THE NICOBAR 
AND BRNQAL DEEP JEa FAM 

E. 1 Jalm (TuOrf. of Occuoprakr. Ortpm »iu 0 O See. h *M 

UcMBIa 

Thi wmmmfaiW am <*M| rad inrevirwi nuirus* Tnm a defrae.Ao 
xnm morale ndtauaa eawAraan Itara to UMI F«. tPAin Ocmt. ut praeum 
lid nwund h i M iUi tw I * imraigMr*ih*a*t^ lU 'w dacra* On* 

wrtUpSp^ol 

•ta* On nfcorj petev fanxa npdlF m laraawo Bll C‘ . Ifa BrngH Fuw« 
SMd d* ra. uud. fakouik fa* rfarafa « drah era orfa 0« t* Tfa 

uwnunkn pfas n SotU rely M pwm nnxMa. afa da Nkehw Ifa .Dm rfff 1 
bcege boortf JmlUmikinifa faxplmokm faNhs s. In rafaen y tad *w 

no lafah rat ifawd W 8u *sinjta*jk* mjmsra oral tra nbMwnsm*^* 

jT'c^ophysi 8 , Fspor 480433 

6940 Piieniwau Related la EBrlhfliuke Fred It t ion 
6EQPHYSICAI MD GEOLOGICAL EVIDENCE FOR FRACfURINS, 

WATER CIRCULATIOfl AND CHEMICAL ALTERA I ION IN ORANltlC 
ROCKS ADJACENT TO MAJOR STRIKE-SLIP FAULTS . 

D. J. St Is man ( 1st t Unit of OoptoXc* Rod Fliifatdry 
Phyitd , UnlyBrilty or Csllfornfd, Rivard Ida, Cel 1 - 
fcrnld , 92S21) 

Gravity »"d ibImIc meiiuraainti collected on granitic 
plutoss cut by tin San Andrait, Girlock *nd San Jiclnte 
Mult* of central end lauihem Cillfornli show tbit 
theia Fault* in bounded to tolls of asoeiloui rack 
extending 2 to S kilometer! an boUi tides Of Che lurfac* 
trace* of Uii fault*. fereholB ind petrographic itudle* 
show tH«t iiiosalouBly low den* i tie* and (elMlC vs lo- 
ci tie* In Lit* zone are due lo both frictiirlng end.chn- 
Icel alteration. Fracturing, Mter circulation and 
i Merit I on ire Inexorably interraldted. High frteturo 
den* It lea are required lo provide Lha ptrmathMMy that 
*1 low* water to teach aod react with rack* hundred* to 
thou*) xd* or atari bplow lha surface. Alteration pro- 
ducts liable lo ielaaogenlc depths lacludt eontmortl- 
loniu ( 110 ). Since the product* of this (Iteration 
Include expinilve c)ajr*,,tMi proceil II lalf-llmltlng. 
Fereitlon or w 1* rad 1 Mated by * parte water, whereas 
kaollnlle aid othar clay* ca* fore-lf the amount of 
water exceed* the quantity needed Tor HO, Earthquake* 
periodically reopen the blocked fractures,,) mtchanlw 
necessary la generating the broad, deep nne of perva- 
sive alteration Inferred from geophyitcal Measurement*. 
Th*;* geoptoiltal and petrological pattern ara clue* 
not only to the evolution of theia fault*, but also to 
the dyneelci ef wachialus currently OP* riling trUhln 
tlfa Hlimegenlc bone. Thla deep clrcwlatlon modal pre- 
dict! thet U* .strength of a fault legapt varies In 
ties.. Timing of major earthquakes may be due »s much tu 
- temporal strength varlatloni I* to Urol* event* In the 
crust. Significant pre-iafselc chengei in . tha phyaical 
prapartlso of tha crust are probably confined to the 
' nne of fractured rock Inedlitely adjacent to the 
fault*. (Earthquake prediction, fault gauge, rraetures, 
granite). . , 

,J. Gaophijp. Rt*. , B, Paper 4B0614 - 
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4970 

S - F HAVE TRAVEL TIMS NSStDOAL* AMD UTEIUL 
ltn«XKHESElT( IH THE MANTLE BENEATH TIBET AND THE 
HINALAVA 

P. Malnav (Dspirtnant of Eaixh, Atnaopharlc. snd 
Flsnstaiy ScLoncos, Hxsiachutatis Inatlcuts of 
T.ehnolagy, Cankridga, HA 02119) end U.-p. Chan 
Tha avarega S wave crewel tine reelda.I. Iron 11 
sarthquskas saoh In Tibet end cha lllneley. Imply thst 
there are nsrk.d I. tare I nrletloni In etretturs kens 
Tibet sad ths lllnalsya. A vs rags S - P wavs residual*, 
.assured with respect i* th* J-B labia*, for mmch »f 11 
■ mrthqushm* I. the Hinslsy. arm loss than H a. Average 
J-B 3 • P (Sildm.lt t ten 10 of II ..Tthqu*hlB In Tlfast, 
however, *r* greater then hi s, .van whan carr.etmd fer 
ths isrgs era *ts I ihlck.**. of Tltst. The largest 
valu.s, l.l*, ),2s, 3.4*, 4.9*. and A. 9., arm for Mrs 
event* In central and narthavn Tibet, and char Inply 
that the avirags *• lot I tire lo tho cruet snd upper 
osntls of thus portion, of Tlbot bib 4-IOt Ion, than 
those b«n*sth ths lllnslxye, Thwr.fuve, it l. unllk.lr 

that * shield structure underlie* these parte of Tth.t, 
units* thtts 9 • P ratiduals ere due ie variation. In 
etnicLurs dseper the. 2)0 kn. S - P residuals Iron 2 
olhsr .vasts nth in wsnsrn snd as* tern Tibet era I to 
2 ■ 1st., and haul suggeai i he ■ valoeltl.i beneath 
that, eras* are also socauhst lower than beneath 
■hlalda. Th. nab S wire velocity saroa not only to faa 
different bansath Tibet sad tbe Nias lays but also aasn. 
to Incraass froa s mlnlnun beneath narlharn Tibet to 
vslust close to these of th* average asith toward tha 
seal, soutl, sad Wilt. (S • ? iealJuxli, nentla, Tib*'., 
Htoslsye). 

J. Icophy*. It**,, 8, Pspsr 480*84 


6970 Upper Kent!. Structure 

HIPPING IHg UFFEB MANTLE I THREE DIHEBSIOMAL HODELLtM 
OF EAKTH ST&IKTUIE BT IKVEB5IOH OF BEISHIC WAVE FT RMS 
John H. Hoodhaose (fapimnl of Gaologlcel Seluncau, 
Harvard Unlv.nl ty, CeabTidR*. HA Q213B) and Aiaa H. 
Dtlfwonekl 

A esc led le pro sen tad for tha l.v.lilaD Of wbv.Eob 
data far tbs throe d Inane I one l Glelrtbuttuo of eelemle 
wave valocltlee. Iho m.thod is applied to data from the 
■label digital networks (International Dmpluyweat of 
Aces le some ten. Global Digital Seismograph Kstmrk)* 
th. .al.et^ data lot cons late of some 2000 ailinogrsna 
carraepOBdtog to S3 av.nto end 870 paths. The mooest 
tensor, of tha earthquake, .ra date mi tad through eo 
Itaraelva praesduro which ololmliaa the corrupting 
IsMuensa of lateral hit. logenslty • A global Kiel le 
corn true cid for shear wave valoelty, expanded np co 
degree end eider 8 ia nph.xic.1 harmonica, and 
d.jcrlbod by ■ cubic polyno.tsl in d.pth, for the upper 
670 Ire of the Berth'* maatle. ALtboagh do s priori 
lafOzmerKoa Is Incorporated tbe model predictions 
reproduce eoch of whet 1* koova shout the dispersion of 
msstlo wsvu, e.g. high phase uoioelttes (or shield*, 
low velocities ot ridges, a strong dogma 2 pattern for 
Rayleigh rare. ■ Since tbs mat hod makes use of coaplata 
wave forme, orertaoe decs ere alio Included. 1m le nbowo 
that the modal is capxoducLble. In that aobstenslekly 
ths seam eedal can be coostnieted (ran each half of the 
■oul dsu tec cans Id* red Independently- the model 
ebon that shields end ridges are major futures in Cha 
depth Interval 25 - 230 ha. The rid gas ef tha sou ths ra 
Pacific end the la rgs r * hi aide persist to ISO Ire. hut 
the South Rut lad Isa Rise Ie underlain by n Ugh 
velocity easally ax this depth, ee is ouch of the 
mid-Atlantic ridge. At BSD-650 km tho najor features 
ere s fares) rig loa of Ugh velocities Incorporating 
South America, much ef the South Atlantic and parts nf 
Heat Africa, e broad region of low valocLclas in tho 
central sxd Bantam hciflc, Ugh velocities In tha 
wee care Pacific end a loo velocity an o mal y bansath the 
Rad Bee and tfa Golf of Aden, in the abeoaae of e 
ecus tel cerreoUon dag ran 2 emd 3 show . Ugh positive 
csrralntlan with the geoldi paradoxical ly tUe is 
lergmly deetraynd whan the distribution In crustal 
thickness In' taken Into Account. Spherical harmonic 
degrees in! show a.StRalf leant negative eerrelatiOB. 
J. Ceophys, tan, , B, Paper 480616 

6970 Selenology (Strut* tore of the a rust end upper nan- 
tie) 

SEISMIC EVIDENCE FOB AN AVC1E9T RIFT BHUTH TU 
CUMBERLAND PLATEAU, TO ■ A DETAILED IMAIUU OF BKUD- 
BAVD 18LE3R18H1C P-HAIRPOSHS 

Themam J. Ohms, Georgs Zsadt, Steves 2, Taylor (Garth 
Solsnoea Division, L-20S, taureaan Utiiwrs RstiHil 
Uboratory, F.O. Bom 80 S, Liramorb, Cl 94350) 

Broadband reoelrep Fuad Liams dormLoptd from taleae- 
lamio P-wnarome raoorded on tho mld-Mrled peneband 
or RBTO elation RSCP ir* inrnrtgd Ihr rsrtloel rmloeUy 
elruoture bemoeth tbe Cumberland Plateau, TH. The 
detailed broedhiuad reoelrer roost loo* era oh ta land by . 
etui* lag etmroa-aqiaMdad tarinntnl c capon sot a nf 
LetennlBaio P-w.ve Forme . The raouitlng rpeelver fmno- 
tiani ore nos* eeFieltiveto the ehoer re lea lty stnt- 
ture iwor tho ntmtlen. 6 Uao-domui inreroiqn routine 
utilladfl the rndtnk rnoolrer nuotion Lo daliralne thin 
atruoura sesuming h oruetel modal : ptrseeterlsod by 
many thin, flat-lying, , bonogeMOus 1 Ayers, Lsttral 
ohingen in itmoturm nrn LdenLLTlnd by euoBinlog anteu- 
tbel verisUone in Uw vtrtlnl abruotdra. The results 
reveal nlgniriannt rapid Intoml obengoe in the nld- 
orustnl * trait are beneath the station that arm inter- 
preted in relation to the origin of Uw Bent-Continut 
Gravity Sigh, .loom ted nortfaaant of RSCP. Uw re re Its 
rran events arriving ftan tbe norUwuk show m high- 
velaalty nU-nruotal layer not present in reodlta Fron 
lbs OB «a tenth. Tula velocity structure nan M ebovn 
Lo support . the Idee that this fahtura la pert of a . 
tatwnw* rift syitre, Another Interest Log fitiwl Of 
Lbs derived velocity aodnln |* tbe Indication that the 
orueV-nenils boundary beneath the Cunberland PUUU is 
a Lhlok, probably leminstsd, brans i Man conn botvnw 
lha depths nf 40 wad 55 Hn** • result oonalatant wMh 
lnterpreUlrlono of marly r*fr*oUos work la Uw ares. 
(Broadband .date, waveform. inversion, oruetsl atruoturs, - 
Eset-Cuntloemt DreVlty High). 

J. 0 sophy*- Rei.tiH, Paper 410883 , 
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